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1.  ABSTRACT 


Thl?b  mC  ‘I'?®';'!1’5.1'  syn°Psis  this  report,  covering  the  significant  achievements, 
problems,  and  highlights  of  progress  on  the  Inductor  Task  of  the  Initial  Phase  of  the 
Micro-Module  Production  Program.  The  microelement  inductor  work  described  here 
comprises  Task  3  of  the  Micro-Module  Program. 


1.1  PURPOSE  OF  TASK 

The  inductor  task  under  the  Initial  Program  had  three  broad  objectives;  to  demonstrate 
manutacturmg  feasibiiity,  to  demonstrate  microelement -inductor  reliability,  and  to 
establish  sources  of  supply  for  cores  and  inductors.  All  three  of  these  broad  objec¬ 
tives  were  achieved.^ 

In  addition  to  broad  program  objectives,  specific  technical  objectives  were  established 
tor  inductors  as  a  component  group  and  for  individual  types  of  inductors.  Core  ma¬ 
terials  and  inductors  of  various  types  had  to  be  produced  for  use  in  micro-module 
circuits',  and  both  cores  and  inductors  had  to  be  compatible  with  over-all  micro¬ 
module  objectives.  All  three  of  these  basic  technical  objectives  were  achieved. 

Preliminary-,  prototype,  and  final-grade  inductors  were  to  be  fabricated  and  delivered 
in  various  quantities.  Preliminary  units  were  required  to  meet  room  ambient  per¬ 
formance  objectives  only  and  to  demonstrate  feasibility.  Suitable  materials  and  proc¬ 
ess  requirements  were  then  to  be  established  to  meet  overall  performance  require¬ 
ments.  Effort  was  required  on  core  materials,  wire,  coatings,  mounting  and  termin¬ 
ation,  windings,  and  assembly  and  treatment.  Requirements  were  to  be  determined 
in  all  of  these  detailed  areas,  and  optimum  materials  and  processes  established  for 
use  in  prototype  and  final-grade  microelement  inductors.  The  prototype  units  were  to 
ma,d«t0  demonstrate  performance  capability  of  the  selected  materials  and  processes 
Nine  different  types  were  required  in  the  basic  frequency  areas  of  192  kc,  4.  3  me,  and 
50  me.  Final-grade  inductors  were  to  meet  all  performance  requirements  and  meet 
the  needs  of  final -grade  micro -modules. 


1.2  PROBLEMS  AND  SOLUTIONS 

Technical  requirements  were  especially  stringent  for  microelement  inductors  because 
of  the  form  factor  and  very  small  sizes  required  and  because  of  the  close  tolerances 
required  by  circuit  parameters.  The  inductors  used  in  final-grade  micro-modules 
required  control  of  core  parameters  beyond  normal  practice. 

The  temperature  coefficient  characteristics  of  the  cores  presented  a  primary  chal¬ 
lenge.  Ferrites,  produced  in  the  RCA  Materials  Laboratory  at  Needham,  Massachu¬ 
setts,  provided  a  material  for  1500-MH  inductors,  but  the  NPO  temperature  character¬ 
istic  necessary  for  i-f  and  r-f  applications  was  not  completely  met.  The  lowest 
temperature  coefficient  that  could  be  reproduced  in  a  low-permeability  ferrite  was 
-90  +70  parts  per  million  per  °C.  Extension  I  of  the  contract  provides  powdered-iron 
cores  which  approach  the  NPO  temperature  coefficient  required. 
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Most  ferrites,  when  operated  at  the  specified  low  flux  level,  show  an  excessive  drive 
sensitivity.  This  problem  has  been  solved  in  Program  Extension  I,  by  the  use  of 
powdered-iron  cores.  The  permeability  of  powdered-iron  cores  is  also  considerably 
less  sensitive  to  magnetic  fields  than  that  of  ferrite  eores. 

During  the  micro-module  assembly  process  all  microelements  were  coated  with  sili¬ 
cone  elastomer,  DC -271,  as  an  impregnant  and  cement  to  prevent  direct  adhesion  of 
the  encapsulant  to  the  components  to  reduce  effects  of  the  encapsulant  on  temperature 
coefficients.  A  Teflon  coating  on  the  unwound  ferrite  core  further  reduced  this  effect. 

V  .  *  / 

Considerable  work  was  devoted  to  inductor  winding  methods^  Early  experiments  re¬ 
sulted  in  insulation  damage  when  the  wire  was  unwound  from  the  winder  bobbin  and 
wound  onto  the  core.  Damage  was  minimized  by  refinements  in  winding  technique  and 
through  the  use  >i  nylon  coated  magnet  wire. 

Special  impregnants  were  needed  to  permanently  locate  coil  turns  without  constricting 
the  core  or  windings. 

Coil  uniformity  was  difficult  to  achieve  in  early  stages  because  of  winding  tension  con- 
rol  problems .  Best  results  were  obtained  when  maximum  winding  tension  was  used 
and  when  coils  were  wound  on  Pliolite-coated  cores. 

Early  attempts  to  wind  r-f  transformers  gave  unsatisfactory  results  due  to  faulty 
placement  of  secondary  windings.  Use  of  a  special  core  holder  in  conjunction  with  a 
segment  winder  improved  both  the  uniformity  of  angle  occupied  by  th<  primary  and 
unproved  the  uniformity  of  locating  the  secondary  start.  All  types  of  cores  were 
wound  with  a  total  error  no  exceeding  f  degrees.,— 

+■  o  /  —  \ 

Testing  required  special  attention  to  temperature-coefficient,  drive  sensitivity,  and 
permeability  measurements.  The  specified  temporature-cocfficicnt  tolerance  was 
beyond  the  accuracy  of  co  ntional  equipment,  and  it  was  necessary  to  design  ;p  eial 
equipment.  Temperature  coefficients  were  measured  by  applying  Lost  windings  to  the 
cores,  and  u;  ing  a  dynamic-  test  which  provided  continuous  monitoring  of  inductance  as 
temperature  was  varied.  shorted-turn  permcameter  was  used  to  provide  fast 
measurement  of  basic  core  parameters. 


1.3  HISTORY 


1.3.1  ORDER  OF  EVENTS 

Investigations  began  with  core  configurations,  and  included  toroids,  pot  cores,  cup 
cores,  and  E-core  constructions.  A  toroidal  core  was  selected  because  it  best  met 
the  requirements  of  self-shielding,  low  stray  field,  mechanical  stability,  and  adapt¬ 
ability  to  production. 

No  available  ferrite  had  an  acceptable  temperature  coefficient,  but  it  appeared  that  it 
could  be  controlled  to  tight  limits  and  offer  a  higher  permeability  than  that  available  in 
powdered-iron  cores.  Core  production  effort  was  divided  in  applications  for  100  kc  to 
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1  me,  1  me  to  10  me,  and  50  me  to  70  me.  Inductance  values  ranged  from  2.4  uH 
to  1500  mH.  A  winder  for  subminiature  toroidal  coils  was  adapted  to  production  needs. 


Preliminary  inductors  were  wound  on  available  ferrite  cores.  Prototype  modules 
were  made  on  improved  ferrite  cores  and  exhibited  stabilities  of  approximately  ±20  kc 
■  n;^m,CfI  F  circuits.  Tuned-circuit  stability  of  final-grade  modules  with  further 
mproved  ferrite  cores  was  ±12  kc.  However,  powdered-iron  cores,  developed  under 

TarSf™  toSTkc'  a"d  “Sed  ‘n  m°St  fIna|-era*  ‘-f  applications  reduced  the 


1.4  SPECIAL  EQUIPMENT  DESIGN 

RCA  developed  a  new  type  of  winding  shuttle  which  could  be  opened  to  deliver  a  fin¬ 
ished  coil  without  disturbing  the  remaining  load.  This  machine  was  used  to  wind  R-F 

“  l00~jrh  d-iameter  COreS’  The  machine  w*3  ^ter  improved  by  incorpoLLn 
'taring  Complny.  SeSment  Wmder’  which  was  a  Joint  effort  of  RCA  and  Boesch  Manufac- 


•  Because  measurement  of  temperature-coefficient  tolerance  was  beyond  the  accuracv  of 
conventional  equipment  social  equipment  vas  designed  for  maktog  dynamic  tests.1 
Other  equipment  was  also  developed  for  measuring  drive  sensitivity. 

1.5  DESCRIPTION  OF  TESTS  AND  PERFORMANCE  DATA 

Inductor  testing  was  divided  as  follows:  core  testing,  prototype -inductor  evaluation 

bo  hfrTi  t  of  final-grade  inductors,  and  final-grade  inductor  micro-element’s 
both  for  delivery  to  the  Signal  Corps  and  for  use  in  final -grade  micro-modules. 

The  test  program  for  prototype  inductors  was  conducted  to  assess  the  performance  of 
elements  using  the  materials  and  techniques  selected  for  final-grade  designs.  All 

inductors  were  tested  for  all  specified  parameters  and  for  life  and  environ- 
pcrformance  in  accordance  with  final -grade  inductor  specifications. 

1.6  PRODUCT  COMPARISON 

The  toroidal  design  used  for  microelement  inductors  can  be  compared  to  conventional 

mnrinlp  Ifif  cup:core >  and  sluS  ^P03-  Because  of  close  spacing  within  the 

m  dule  self-shielding  and  stray-field  effects  are  important  considerations  for  micro¬ 
element  inductors.  The  toroidal  construction  offers  the  highest  degree  of  shielding  of 
ny  configuration*.  It  also  makes  possible  a  great  range  of  inductance  values  because 
of  its  excellent  permeability  characteristics. 

The  toroidal  construction  was  selected  as  a  compromise  in  which  the  advantages  of 
self  shielding,  flat  structure,  mechanical  stability,  and  low  distributed  capacitance 
were  obtained  at  the  expense  of  higher  cost,  less  convenient  adjustment  procedures 
and  somewhat  less  flexibility.  ’ 
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The  cost  of  toroidal  construction  is  inherently  higher  than  that  of  pot-core,  cup-core 
or  slug  construction  primarily  because  of  winding  technique.  Toroids  must  be  wound 
one  at  a  time;  conventional  coils  can  be  wound  in  multiple. 


1.7  CONCLUSIONS 

The  three  broad  objectives  of  the  Inductor  Task— viz. ,  to  demonstrate  manufacturing 
feasibility,  to  demonstrate  inductor  capability,  and  to  establish  supply  sources— have 
been  achieved. 

Feasibility  was  demonstrated  by  production  of  various  cores  and  inductors  over  the 
range  from  100  kc  to  50  me.  Tests  proved  that  their  reliability  was  of  a  very  high 
order.  The  RCA  Needham  Laboratories  produced  ferrite  cores  of  the  required  char¬ 
acteristics  for  preliminary,  prototype,  and  final -grade  modules  (powdered-iron  cores 
have  since  been  produced  under  Extension  I  by  Radio  Cores,  Inc.  ,  for  use  in  critical 
temperature-stability  application  of  final-grade  modules). 

All  of  the  basic  technical  objectives  for  all  types  of  inductors  were  either  achieved, 
or  an  ultimate  capability  was  demonstrated.  Inductors  suitable  for  all  of  the  specified 
module  applications  were  produced  and  successfully  demonstrated. 


1.8  RECOMMENDATIONS 

Effort  should  be  directed  toward  improved  and  thinner  packages.  Designs  suitable  for 
adaptation  to  mechanized  module  assembly  techniques  are  required.  Improvements  in 
winding  techniques  are  needed  to  reduce  cost  and  to  improve  reproducibility.  Tes. 
costs  should  be  reduced  through  the  adaptation  of  conventional  production  test  tech¬ 
niques.  Other  devices,  such  as  piezoelectric  ceramics  and  semiconductors  having 
inductor-like  functions,  should  be  investigated.  Square-loop  devices  should  be  in- 
vestigated  and  adapted  to  the  micro -module  form  factor. 

The  PEM  program  under  Program  Extension  II  to  expand  the  scope  of  available  in¬ 
ductor  types  and  ranges  should  be  continued. 
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2.  TASK  OBJECTIVES  AND  REQUIREMENTS 

The  inductor  task  under  the  Initial  Program  had  three  broad  objectives: 

Vari°US  “  — 

2.  To  demonstrate  inductor  microelement  reliability. 

3  make  ' 

realized  k*eVement  * 

?aer“”\™"beanroduS7freqUlred  thi“  SUitaMe  C°re  m«erials  and  inductors  of 
various  types  be  pioduced  for  use  in  micro-modules.  The  core  material*  wdr.  J 

fpi0“h’  and  these  were  to  be  considered  as  the  first  choice  in  design.  Buf  otheiP 
additional° ad  vantages  C°nSidered  if  ^sequent  investigation  indicated  that  they  had 

Particular  emphasis. was  to  be  placed  on  core  materials.  Various  materials  and 
was  to  be'demonsr^atedTn^lnal-grad^saniple^nductoi^s'.0^61^  repro^uc*^i'ity.  which 

r"*  indUCt°rS  "eeded  Under  *he  Ini“al  Pr°- 

2.1  GENERAL  TASK  REQUIREMENTS 

2.1.1  PRELIMINARY- GRADE  INDUCTORS 

Preliminary-grade  inductors  for  the  three  basic  frequencies  of  192kc  4  3  me  and 
50  me  were  required  to  demonstrate  basic  feasibility  of  the  concept  oAly  a^d 
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performance  objectives  were  correspondingly  limited.  Consequently,  preliminary- 
grade  inductors  were  required  to  meet  initial  performance  objectives  only,  and  were 
not  subjected  to  life  tests  or  environmental  tests. 

During  this  phase,  such  practical  factors  as  wire  size,  insulation,  impregnation,  and 
encapsulation  were  to  be  evaluated.  In  addition,  the  effects  of  incorporation  of  micro¬ 
element  inductors  into  micro-modules  were  to  be  investigated.  The  preliminary- 
grade  inductors  were  to  be  tested  to  determine  their  compliance  with  specifications , 
and  the  test  data  were  to  be  delivered  to  the  Signal  Corps . 


2.1.2  PROTOTYPE  -  GRADE  INDUCTORS 

In  the  prototype  phase,  particular  attention  was  to  be  given  to  inductor  temperature 
coefficients,  and  effort  was  to  be  made  to  attain  control  and  reproducibility.  Inductor 
designs  were  to  be  refined,  and  environmental  behavior  was  to  be  evaluated.  Charac¬ 
teristics  of  encapsulated  inductors  were  to  be  investigated  further,  and  particular 
attention  was  to  be  given  to  the  effects  of  the  encapsulant  and  the  encapsulating  pro¬ 
cess  upon  temperature  coefficients  . 

Prototype-grade  inductors  were  to  be  fabricated  for  each  of  the  contract  module 
applications  .  Included  were  the  following  Inductor  types: 

a.  50-mc  input  and  mixer  transformers 

b.  45 . 1-mc  crystal  oscillator  output  transformer 

c.  4.3-mc  interstage  i-f  transformer 

d.  4.3-mc  limiter  and  discriminator  transformers 

e.  192-kc  oscillator  inductor 

f .  50-mc  M-derived  L-C  decoupling  inductor 

g.  4.3-mc  M-derived  L-C  decoupling  inductor 

h.  1.5-Msec  750-pps  blocking-oscillator  transformer 

i.  19  2-kc  pulse-shaper  inductor 

j .  96-kc  gate  inductor 

Experimental  winding  equipment  was  to  be  developed,  and  the  effects  of  machine 
winding  on  inductor  parameters  were  to  be  evaluated.  Tentative  selections  of  adhe¬ 
sives,  impregnants ,  and  wire  insulation  were  to  be  made  in  the  prototype  phase. 

Tests  were  also  to  be  made  to  determine  the  extent  of  compliance  with  RCA  specifi¬ 
cations  .  The  test  data  were  to  be  delivered  to  the  Signal  Corps  . 
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2.1.3  FINAL  GRADE  INDUCTORS 

Flnal-grade  inductors  were  to  incorporate  changes  and  refinements  necessary  to 
quaiiiy  them  for  use  in  final-grade  micro-modules  .  Refinements  were  to  be  made , 
w  eie  necessary,  in  coies  and  inductors  of  each  type.  Final  design  parameters  and 
electrical  values  were  to  be  established  for  microelement  inductors  in  basic  applica¬ 
tion  Inductor  samples  were  to  be  constructed  and  tested  in  micro-modules .  The 
mal-grade  inductors  were  to  be  tested  for  compliance  with  the  applicable  RCA  speci¬ 
fications  and  applicable  requirements  of  other  specifications.  Complete  test  data  on 
these  inductors  were  to  be  delivered  to  the  Signal  Corps. 


2.2  MATERIALS  AND  PROCESS  REQUIREMENTS 

Successful  design  of  miniaturized  microelement  inductors  required  that  extensive  in¬ 
vestigation  be  conducted  into  materials  and  processes.  These  factors  were  considered 
essential  to  the  satisfaction  of  Initial  Program  inductor  requirements . 

Cope  Materials  —  Core  materials  suitable  for  the  required  range  of  induetance  values 
had  to  be  selected  or  modified.  The  materials  had  to  be  adaptable  to  the  micro-module 

lorm  factor,  and  had  to  meet  the  performance  and  stability  requirements  for  micro- 
module  inductors . 


Wire  --  Wire  of  suitable  sizes  and  insulating  materials  had  to  be  selected. 

Sati?S,f  ^Ultable  coil-treatment  methods  and  impregnants  had  to  be  evaluated  and 
in  th?  moduli  rehable  inductor  performance  would  continue  after  the  encapsulation 


Mounting  and  Termination  —  Substrates  on  which  inductors  could  be  mounted  and 
terminated  had  to  be  selected . 

Windings  --  Winding  techniques  were  to  be  selected  or  designed  for  the  ultimate  core 
geometry  to  provide  for  volume  production,  high  uniformity,  high  reliabilitv  and 
reasonable  production  costs.  Methods  for  the  precise  placements  of  turns  on  the 
cores  had  to  be  determined  to  insure  predictable  performance. 


Testing^  Testing  of  core  materials  for  magnetic  properties  and  loss  characteristics 
prior  to  winding  was  a  task  requirement.  Testing  of  wound  inductors  for  performance 
characteristics  and  uniformity  of  specified  inductor  parameters ,  both  electrical  and 
mechanical,  was  also  necessary. 
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^.ssembly  and  Treatment  --  Production  assembly  and  treatment  techniques  were  to 
be  established. 


2.3  PERFORMANCE  REQUIREMENTS 

Both  general-purpose  and  precision  inductors  were  to  be  made  under  the  Initial 
Progiam.  The  precision  types  had  relatively  critical  stability  requirements;  the 
general-purpose  types  did  not.  Performance  specifications  for  inductors  in  general 
were  as  follows: 


Parameter 

Precision 

Type 

General-Purpose 

Type 

Inductance  Range  (^h) 

0.3  to  50 

2.4  to  1500 

Frequency  (me) 

4  to  50 

0. 1  to  50 

Quality  Factor  (Q) 

up  to  100 

up  to  75 

Operating  Temperature  (°C) 

-55  to  4  85 

-55  to  +85 

Max.  Operating  Voltage  (dc  volts) 

100 

100 

Max.  Operating  Current  (dc  ma) 

100 

100 

Temperature  Stability  of  Inductance 

iO.5%* 

±5% 

Temperature  Stability  of  Q 

±15% 

±50% 

Drive  Sensitivity 

±0 . 05% 

±20% 

^compensated 

Environmental-Test  Requirements: 

Shock  and  vibration 
Moisture  resistance 

Immersion  No  mechanical  or  electrical  degra¬ 

dation  in  excess  of  above  limiting 

Overload  values  for  related  parameters;  15,000 

hours  mean  time  to  failure . 

High-temperature  storage 
Load  life 


Insulation  resistance  and 
dielectric  strength 


1000  megohms  min. ,  100  dc  volts  max. 
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2.4  SCHEDULE  FOR  DELIVERY 

The  general  plan  for  delivery  of  microelement  inductors  was  established  as  follows: 


Item 

Description 

Quantity 

Delivery 

Date 

1 

Preliminary  microelements 
for  use  in  preliminary  modules 
and  for  evaluation 

72 

Aug.  1, 

1958 

2 

Prototype  microelements  for 
use  in  prototype  modules  and 
for  evaluation 

69 

Feb.  1, 

1959 

3 

Final-grade  microelements  for 
final-grade  modules  for  sub- 
assemblies 

359 

Sept".  1, 

1959 

4 

Final-grade  microelements  for 
acceptance  testing 

200 

Jan.  1, 

1960 

5 

Final-grade  microelements  for 
final-grade  modules  for  acceptance 
testing 

575 

Jan.  1, 

1960 

6 

Final-grade  microelements  for 
delivery  to  the  Signal  Corps; 

A-test  data  required 

200 

March  15,  1960 

The  following  final-grade  microelement  inductors  were 

required  under 

Item  6, 

above: 

a. 

30  1500-glI  chokes 

b. 

15  4.3-mc  i-f  transformers 

c . 

20  38-pH  r-f  chokes 

d. 

15  limiter  transformers 

e. 

15  4.3-mc  discriminator  transformers 

f. 

15  50-mc  r-f  transformers 

g- 

15  50-mc  oscillator  transformers 

h. 

15  2.4-/nh  r-f  chokes 

i . 

15  600-^xh  chokes 

2-5 


j .  15  350-juh  chokes 

k.  15  mixer  transformers 

l.  15  pulse  transformers 

Because  of  subsequent  revisions  in  subassembly  requirements  and  changes  in  the 
Design  Plan,  quantities  were  modified  as  follows: 

Item  Quantity 

1  72 

2  69 

3  293 

4  158 

5  484 

6  200 
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3.  NARRATIVE  AND  DATA 


“  “»  Mustry  Preparedness  measure. 

shortest  possible  time  The  time  fart  h*  'S  i  a  micro-module  capability  in  the 
te rials,  Z  process™'  •»»"*-*»-«  devices,  ma- 

ever,n  and  ind“°t0rS 

in  sizes  small  enough  for  incorporation  into  mV  conveatlonal  design  were  available 
quirements  presented  challenlw ?n*°  micro-modules.  Program  inductor  re¬ 
core  materials.  S  S  engineenng  problems,  especially  in  the  area  of 

b^va^oiT^ manufacture rs'^a^nd^heii^manufotTturtne^ech11^6  “  Sfstantial  quantities 

cot^le^wuh  thmir  smalMorm^actoi^^^^  ^^^^^^^amenMnductors^8 

material  ^dpmttlatior^^  procTssmg^testing^and^rei^'mbil'i^rof^amirmiture01^6- 

P^ogramrc^dt^Xupo”  TZ^I  £}‘  “T"*  *«*“ >«».  ■*  "°  related 
ence,  however,  in  the  production  of  smnii  °  inf°rmatlon-  RCA  had  extensive  experi- 
Plications.  The  cores  needed  fn.  1  GS  f°r  COmpUter  aad  communication  ap- 

Cores  Co.  and  the  RCA  Needham  n^croeleaieat  inductors  were  produced  by  the  Radio 
Semiconductor  fnd  ^teSSfSJisio^8^  which  is  a  !»*  of  the  RCA 

ville,  N.  J.  The  resudting^ores'^arul'^ridimtnrtj1?110^?^5  f^Gr?  Pr°duced  by  RCA,  Somer- 
an  advance  in  the  state  of  the  inductor  art  and  ^  n!  f,f a  •  grade  micro-modules  were 
Program  modules.  ’  d  met  the  basic  requirements  for  Initial 


3.1  PROBLEMS  AND  SOLUTIONS 

3.1.1  CORE  MATERIAL  PROBLEMS 

The  performance  requirements  described  in  Section  2  inf  tuic  *  • 
tolerances  upon  the  magnetic  corp  matp rit,ic  ,  , ,  ^1S  reP°rt  imposed  close 

became  a  major  part T?hc T„dS?ta»k  ?bc"  8e,le°*i0"  of  the8<i  materials 
quired  extended  engineering  effort  are  de;cribed^inft^?o^^T~«?«sWhIOh  r6" 


3.  1.  1.  1 


temperature  coefficient 


mtdBmKuhfh°a"vVr,etm<UrMu”e  smbmtv  ol  m AWVRC~34  ^io  Set  required  that 
ature-compensating  Z  1  T 
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°^^,rPifci„?r^erraejraiues  up;°  im® '*?««>  .t**- 

te rial,  XF-3988,  was  ^ducedTyX SSamT  t0  +85°C'  A  ferrite  ma- 

for  the  1500-mH  application  The  NPO  chariot terif.ls  Laboratory  at  Needham,  Mass.  , 
ing,  were  closely  approactedl!!  ferrfte ^  Batched’  Were  ****iaUy  demand- 
cients  of  ±50  parts  per  million  per  °C  were  made  AHhmf^T”8  *fmperature  coeffi- 
marked  advance  in  capability  for  ferrite  nnitToT  A  ^hough  this  characteristic  was  a 
was  not  sufficient,  anS  temperature  coefficien 

that  could  be  consistently  reproduced  in  a  w  The  lowest  temperature  coefficient 
parts  per  million  per  °C  Note  TxtensfonToTtr^^'^  fe7ite  COr?  was  ±70 
for  powdered-iron  cores  hS  tem-re  P  *5?  Micro-module  Program  provided 

teristic  which  approached  the  required  temperature  stability  ^  PPm/  &  CharaC" 

3.  1.1.2  DRIVE  SENSITIVITY 

The  discriminator  circuit  of  the  AN/PT?ri_‘i4 

voltage-level  ranee  over  whirh  tho  v  •*  ,  was  required  to  operate  beyond  the 

Consequently,  the  magnetic  material1!!1  S  ^0uld  suPP1y  constant  input  voltage, 
constant  pomeabilUy^vcr  aTto  5  volTnt  circuit  had  to  have  a 

most  ferrites  have  excessive  drL  settu^"^  T™*3  at  ‘°W  Dux  ,evrfs- 

vidual  firing  batches  had  uniform  drive  sensitivity  hut  f1PPll0at‘°n'  oores  from  indi- 
batches.  The  scheduled  effort  under  the  iSi  ?’  b  ^  aensitivity  varied  between 
gation  into  the  firing  process  to  determine  th *  Pr°grai?  dld  not  allow  further  investi- 
Program  Extension  I  thrirmeabil^s  nf^  cause«  of  variations.  Note:  Under 
per  cent  over  an  excitation^aneeof  n  J  P°wdered-iron  cores  varied  less  than  0. 1 

discriminator-circuit  requirements. *  °erStedS‘  Th6Se  latter  cores  satisfied 


3.  1,1.  3  MAGNETIC  STABILITY 

strong  magnetic  field^ill^ha^ge ’th^ir  effcSive  P°°^magnetic  stability,  and 
negative  changes  in  permeability r!  hi  effective  permeability.  Both  positive  and 

change  depends  upon  the  orientation  of  the  core  in  relict  to  ^  °f  the 

upon  the  core's  magnetic  history.  For  example  tvpe^F  49.9*  SpUrioua  field’  and 
per  cent  changes  in  Dermeahiliiv  k  •  P  t’-  tyP  XF"4226  cores  underwent  ±8 

orientations.  P^^ability  ^ter  being  subjected  to  magnetic  fields  of  different 

spurious'fields  ^  Sen8“iVe  t0  the  effeCts  produced  by  such 

exceed  0.  3  per  Z'£  ™ 

TCified  maSnetiC  cbaracte ri s tics  must 
and  power  transformers.  f  lds’  SUCh  aS  those  Produced  by  soldering  devices 

SeabiLty  o™fteSSicreete^TiSl?c?eSign  ^  6VOlved  to  stabilize  the  per- 

ove.a„  mduefor  p.££2E  mtf“£ ££££££ 
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actertst^'thelerrtte' cor^weS  no^  ^  ™e»e‘<b-stability  char- 

3.1.  1.4  COATING 

eTaSmet  Sp  "1°Tf!fn,en,‘  are  C°ated  with  DC“ 

were  tried  including  heavier  coatings  of  DC-271 and coaHngs  of nc' 2nh»° *  remedles 

sss  s22  SsSSe  & 

edy.  The  coatings  which  had  the  best  chaSc  ter  is  Ucswere^C  27 1"  mT^TS  7™' 
anTlSTfin8  C°.m“ercial  Preparation  modified  for  micro-module  ne^ds  and~RTV  20 

S£o?rio  ComX  SilaSUCS  made  ^  th^ReTnI;ai° 

DuPont  Company  f  solved  the  problem  when  th^T  n  ^  Tefloa>  manufactured  by  the 
unwound  ferrite  cores  The  Teflon  n  at-  i  eflon  was  applied  as  a  coating  to  the 
prevents  cutting  of  the  -MZi^  “d 


3.1.2  PROBLEMS  WITH  WIRE 


3.  1.  2.  1  INSULATION  DAMAGE 

Sol  Xa“d1?etma™tWw|ireaedpf0r  <~ 

be  scuffed  against  die 

prc^^^  to^^tei^ex^xi^^  coppe'r^orohe'wire^whei^wfre^ia0 ^  winding 
per^vas^x^jsed^ring^he^xi^pidf  o'fthe^unscv  unSi?irg  ^  ®  oiw^ation^^hen^p- 

ss  ssrt  - 

mandrel  and  reduction  in  ^.ioo 

had  a  low  friction  coefficient  result, no-  in  ,  ?  .  wire-  Nylon,  however, 

introduction  of  the  noasle -attached  sSle  “smSe^'sSf  was^n  Tied.  ~ 


3-3 


arrangement  permanently  positioned  the  nozzle.  With  proper  stoning  of  the  nozzle, 
well-wound  coils  could  be  produced.  Usage  further  improved  the  inside  surface  of  the 
nozzle.  When  this  system  was  used  to  wind  coated,  ferrite  cores,  the  1000-megohm 
specification  was  met  after  the  coils  had  been  treated.  Eventually,  nylon-coated  poly 
urethene-insulated  wires  were  introduced,  reducing  the  exposed  copper  before  treat¬ 
ment. 


3.  1.2. 2  STRIPPING 

Termination  of  a  6-lead  0. 200 -inch-diameter  transformer  on  a  microelement  wafer 
requires  that  all  six  leads  be  connected  to  their  correct  notches  without  introducing 
shorts  between  any  of  the  wires  or  notches.  When  Formvar-insulated  magnet  wire 
was  used,  accurate  stripping  was  accomplished  by  the  tedious  process  of  dressing 
leads  on  a  dummy  element  under  a  10-power  microscope.  The  precise  points  for 
stripping  were  marked  on  the  leads.  The  coil  was  then  removed,  the  leads  were 
straightened,  and  stripper  was  applied  with  a  brush  or  toothpick  to  the  marked  portion 
of  the  lead.  This  latter  step  was  performed  under  a  microscope.  The  stripper  and 
Formvar  insulation  were  then  removed  by  rubbing  the  wire  with  an  absorbem  paper. 
The  lead  was  then  tinned  and  dipped  into  the  stripper  solvent.  Finally,  the  coil  was 
mounted  on  its  wafer,  the  leads  were  dressed,  and  the  ends  were  soldered. 

In  addition  to  being  tedious,  this  method  of  stripping  did  not  produce  a  clean  break  be¬ 
tween  the  insulation  and  the  tinning.  When  the  use  of  nylon-coated  poly  urethane -insu¬ 
lated  wire  was  introduced,  dip  tinning  was  successfully  adopted.  In  small  quantities, 
coil  leads  are  individually  marked  and  dipped.  In  large  quantities,  a  splatter  shield 
is  used  over  the  soldering  pot.  This  shield  includes  measuring  means  which  keep  the 
proper  lengths  of  insulated  wire  above  the  solder;  all  leads  are  tinned  simultaneously. 


3.  1.2.  3  MOUNTING  AND  CEMENTING 

Because  final-grade  ferrite  cores  were  pressure  sensitive,  special  impregnants  were 
needed  to  permanently  locate  the  turns  without  constricting  the  core  or  windings,  even 
under  extremes  of  temperature,  shock,  or  vibration. 

Dow  Corning  DC-271,  an  elastomeric,  pressure-sensitive  adhesive,  was  selected. 
This  material  served  as  both  an  impregnant  and  a  cement.  Because  DC-271  never 
hardens,  it  allows  the  inductor  assembly  to  equalize  stresses  or  strain  imparted  from 
the  environment.  The  material  is  compatible  with  other  module  materials,  and  pro¬ 
vides  superior  moisture  protection. 

DC-271  is  tacky,  however,  and  special  Teflon  holding  fixtures  were  developed  to  per¬ 
mit  the  treated  inductors  to  be  handled. 


3.  1.2.4  LEAD  DRESS 

The  small  diameters  of  microelement  inductor  leads  (0.  002  to  0.00S  inch)  presented 
handling  and  processing  problems.  On  inductors  having  only  a  few  turns,  the  lead 
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dress  was  critical  because  nonuniform  lead  dress  can  cause  variations  in  coupling;  and 
leakage  inductance. 

To  insure  uniform  lead  dress,  assembly  drawings  detailed  the  lead  paths,  and  allow¬ 
ance  was  made  for  movement  of  coil  windings  during  enca  sulation  and  environmental 
testing. 


3.1.3  WINDING  PROBLEMS 


3.  1.3.1  TENSION  CONTROL  AND  WIRE -SIZE  LIMITATIONS 

The  problem  of  wire-insulation  damage  during  winding  was  described  under  Section 
3.  1.  2.  1  above.  Early  attempts  to  wind  AWG  44  wire  spiraled  from  a  0.  010-inch- 
diametcr  mandrel  and  wound  through  an  0.  013-inch-diameter  nozzle  hole  resulted  in 
very  loose  turns  that  moved  about  on  the  core. 

Use  of  a  0.  015-inch  diameter  spiraling  mandrel  and  a  0.  006-inch  nozzle-hole  diameter 
increased  the  winding  tension  into  the  usable  range.  The  0.015-inch  mandrel  and  a 
0.008-inch-diameter  hole  brought  AWG  38  wire  tension  to  a  desirable  value.  All  of 
the  machine-wound  inductors  in  the  Program  are  within  the  AWG  44  to  AWG  38  wire- 
size  range.  fjote:  Boesch  Manufacturing  Company,  the  manufacturer  of  toroidal -coil 
winding  machines,  has  more  recently  extended  the  range  from  AWG  46  to  36,  and  can 
supply  coded  combinations  of  mandrels  and  shuttles  (nozzles)  that  produce  usable 
tensions. 


3.  1.3.  2  COIL  UNIFORMITY 

The  problems  of  producing  a  uniform  bank-wound  toroid  multiply  as  the  wire  diameter 
is  increased.  With  the  inherent  intermittent  tension,  the  wire  cannot  be  looped  into 
specific  between-turn  slots,  and  a  more  or  less  random  build-up  results.  This  ran¬ 
domness  increases  with  lack  of  tension  and  with  any  changes  in  the  core-specd-to- 
winding-speed  ratio. 


Friction  core  drives  are  undesirable  for  coils  more  than  one  wire  diameter  deep  be¬ 
cause,  as  the  coil  enters  under  the  drive  pulley,  the  core  speed  decreases,  changing 
the  winding  pitch  and  bulging  the  winding. 

Uniformity  problems  caused  by  intermittent  tension  were  minimized  by  holding  the 
winding  loop  in  the  shuttle  plane  as  long  as  possible  and  releasing  the  loop  just  as  it 
pulled  tight  on  the  core.  This  procedure  prevents  the  turn  from  being  badly  displaced 
by  the  camber  remaining  in  the  wire  after  spiralling. 

In  the  case  of  powdered-iron  cores  and  other  cores  not  teflon  coated,  best  results 
were  obtained  when  maximum  winding  tension  was  used  and  when  coils  were  wound  on 
Pliohte -coated  cores.  As  the  turns  were  pulled  tight,  indentations  were  made  in  the 
Pliolite.  On  the  next  turn,  the  wire  re-enters  this  indentation  rather  than  falling  into 
a  random  location. 
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3.  1.3.  3  SECONDARY  WINDING  PLACEMENT 


Early  efforts  to  wind  R-F  transformers  utilized  friction  core  drive  of  the  modified 
Boesch  Model  SM  toroid  winder.  The  technique  was  to  spread  a  primary  winding  over 
the  entire  core,  reverse  the  core  rotation  at  the  finish,  and  then  to  wind  the  secondary. 
Transformers  produced  by  this  method  showed  poor  coupling  and  poor  unit-to-unit 
coupling  uniformity. 

Moving  the  secondary  winding  into  the  middle  of  the  primary  produced  tighter  coupling 
but  repeatability  remained  poor.  Attempts  were  then  made  to  accurately  fix  the  loca-  ' 
ti1on  of  the  secondary  with  respect  to  the  primary  finish  by  counting  the  turns  of  the 
shuttle  as  the  core  was  idled  into  the  secondary  start  position.  This  method  was  un¬ 
successful  because  of  variations  in  the  drive  friction  with  coil  build-up. 

Use  of  a  core  holder  (segment  winder)  improved  both  the  uniformity  of  angle  occupied 
by  the  primary  and  improved  the  uniformity  of  locating  the  secondary  start.  Although 
winders  have  two  friction  drives  for  relating  core  rotation  and  shuttle  rotation,  the 
total  error  introduced  is  less  than  +5  degrees,  and  all  types  of  coils  can  be  wound 
satisfactorily  with  this  error. 


3.  1.3. 4  LEAD  IDENTIFICATION 

Lead  identification  even  on  prototype  quantities' of  five-  or  six-lead  R-F  transformers 
posed  problems  from  the  start.  When  the  coil  was  affixed  to  the  microelement  sub¬ 
strate,  the  length  of  magnet  wire  between  the  coil  and  the  terminal  notch  could  be  as 
little  as  1/16  inch.  In  a  well-designed  high-frequency  element,  all  leads  are  as  short 
as  possible.  Coding  should  logically  be  done  while  winding,  but  a  permanent  color 
code  between  coil  and  terminal  is  not  practical  since  it  is  not  practical  to  locate  the 
colors  with  precision  while  the  coil  is  on  the  machine.  Coding  is  therefore  accomp¬ 
lished  on  a  portion  of  the  lead  which  is  later  removed.  If  stripping  or  tinning  is  done 
by  dip  methods  (Formvar  in  Super-X  or  Nyleze  in  hot  solder)  it  often  becomes  neces¬ 
sary  to  reapply  the  coding  after  the  dip.  Recent  work  indicates  that  colors  can  be 
found  that  will  withstand  the  hot  solder  and  can  be  used  on  Nyleze  insulated  wire.  In 
any  case,  the  removal  of  the  code  with  the  excess  wire  at  assembly  prevents  inspec¬ 
tion  of  assembly  wiring  from  being  a  relatively  simple  operation,  as  it  is  in  larger 
assemblies. 

An  alternate  system  of  coding  involves  identifying  leads  by  their  lengths.  Start  leads 
and  even  numbered  taps  were  made  approximately  two. inches  long  and  finish  leads  and 
odd  numbered  taps,  approximately  one  inch  long.  This  system  preserves  the  lead 
identification  up  to  the  assembly  point.  After  assembly  suitable  tests  may  be  per¬ 
formed  to  determine  proper  hookup  as  well  as  phasing  of  secondary  windings. 


3.  1.3.  5  LOOSE  TURNS 

Loose  turns  may  sometimes  be  caused  by  an  improper  winding.  The  following  are  the 
causes  of  loose  turns:  & 
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micro-module  production  program 


^  mctionnbpSre  (AW°  44)JaS  W°Und’  the  turn-counter  and  guide-brush 

b  aPPreciable  with  respect  to  the  shuttle  (winding)  tension  and 

turns  that^ifll  UnJLUp  temP°rarily  cm  the  brush  was  not  pulled  tight  by 

SS  be& cor rected .  ^  CaUSed  by  faul*  S6tUp  aad’  ^e  noticed,' " 


b'  fewtooselums^Th^  °fKf°r°idal  bank  winding,  deep  coils  have  a 

winding  when  the  ePt  undesirable  feature  was  aggravated  in  core  vise 
i  ®  center  of  rotation  of  the  core  moved  outside  the  shuttle 

Plane  and  turns  were  applied  in  other  than  a  radial  mamer  Thus  apSted 

fhe tu"™  i-  S,h°"ld  be  a”d’  frequently,  when  the  coll  was  hajidtd 

,  ,  ,  mto  a  racial  position  and  became  loose.  This  effect  will  he 

Ma„ufa«uyrlP„g  CompanT  ref‘nementS  °f  11,6  °°re  by  Boesch 

°'  Jfr“o5stertar„rsS  ld„Cftfseeoo‘dh  “  ?  ‘n  the  tlrSt  wiad‘"g  are  a  Potential  source 
machine  Wafa U^w^^" 

However,  these  turns  did  not  readily  move  about  and  caused  no  dflfiouHy 

d.  During  the  early  part  of  the  program,  loosely  wound  turns  were  quite  nreva- 

e^rite  core's  yTWumbir„nnmnS  Wi‘h  ‘“““o'?™  tension  on  sharp-cornered 
Z .  c°res.  Tumbling  the  cores  to  round  off  the  corners  and  reducing  the 
friction  by  coating  the  cores  with  Teflon  did  much  to  improve  the  anchoring 

with  PholfteS  7  andlat  impr°Vement  has  teen  achieved  by  coating  the  core 
m  i  S.7  ,  later  tltPPtng  tt  In  toluene.  The  solvent  [diets  the 

Pl.oltte  around  each  turn  that  Is  near  the  core,  binding  11  securely 

3.1.4  PROBLEMS  IN  TESTING 


3.  1.  4.  1 


TEMPERATURE  -COE  FFICIE  NT  ME  ASUREME  NT 


The  specified  temperature-coefficient  tolerance  was  beyond  the  accuracy  of  convex 
flelmtt^equipment,  S^scrfbed1ii^  Paragraph 'll. ^u^^wa^d  SpeC‘al  Le .mPccature-coef- 
maelTlOtpHftohthrcSes°  “obit  "*‘":,m<t!ISIJr‘  d  by  applying^test  windmgsTapproxi- 

rnesStSry  inf0rmrtl0"  ab°Ut 

rites  have  very  nonlinear  temperature  coefficients  and  the  influence  of  restrictive 

mos^hiformative^re^sul^.^Tl^'equi  ^menTrecorde^'a^raph^howing^nducmnce^a  s'  a^ 

&°ef,rsr  cyS„rge0tl0"S  f°b  «' 
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3.  1.4.  2  DRIVE  SENSITIVITY  MEASUREMENT 

A  drive-sensitivity-test  method  was  designed  to  accommodate  the  measurement  of 
drive  stability  to  an  accuracy  of  +0.  1  per  cent  over  a  l-to-5  drive  change.  The  re¬ 
quired  accuracy  eliminated  regular  Q -meter  measurement  and  the  required  change  in 
drive  made  a  normal  inductance-bridge  measurement  difficult.  Two  methods  seemed 
best  suited,  an  impedance  comparator  and  a  phase -indicator  method.  A  phase  indi¬ 
cator  was  chosen  since  it  was  usable  over  a  wide  range  of  operating  frequencies.  The 
test  setup  is  shown  in  block-diagram  form  in  Figure  3.  1.  4—1.  Calibration  curves 
were  prepared  to  determine  the  influence  of  other  parts  of  the  associated  circuitry  on 
the  indicated  phase  shift. 

A  direct  phase  measurement  on  the  Q  meter  simplified  the  test  operation  (Figure 
3.  1.  4-2)  and  gave  accurate  results.  An  oscilloscope  was  incorporated  as  a  resonance 
indicator.  The  frequency  was  controlled  by  a  frequency  meter,  and  the  incremental- 
capacitor  dial  of  the  Q  meter  had  sufficient  resolution  to  achieve  an  accuracy  of  +0. 1 
per  cent.  ~  ' 


3.  1.4.  3  MAGNETIC  PROPERTIES  OF  CORES 

Testing  of  the  magnetic  properties  of  miniature  toroidal  cores  is  usually  accomplished 
by  applying  suitable  standard  windings  and  making  electrical  measurements  of  char¬ 
acteristics  of  the  windings  on  the  cores. 


FIGURE  3.  1.  4-1.  Test  Setup  for  Measuring  Drive  Sensitivity. 
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MICRO-MODULE  PRODUCTION  PROGRAM 


FIGURE  3.  1.4-2  Original  Split-Pin  Permeability-Test  Fixture 


When  a  considerable  number  of  cores  are  involved,  and  accurate  measurements  are 
required  this  method  becomes  cumbersome.  An  alternate  system  involves  the  use  of 
a  text  fixture  which  is  essentially  a  quick  acting  multiturn  winding  which  links  the 


The  first  approach  to  this  testing  problem  was  to  design  a  split-pin  type  of  test  fixture 
that  would  effectively  link  the  toroidal  core  with  several  turns.  These  turns  would 
then  be  connected  to  a  suitable  test  instrument.  Some  mechanical  limitations  of  such 
a  evice  are:  poor  contact  resistance,  high  leakage  inductance  and  inaccuracy  of  reset. 


Such  a  device  was  constructed,  however,  and  some  success  was  achieved.  Limitation 
o  the  range  of  core  permeabilities,  test  frequencies,  and  reset  accuracy  were  very 
apparent.  A  sketch  of  the  working  parts  is  shown  in  Figure  3.  1.  4-2.  With  the  diver¬ 
sification  of  core  types  and  test  frequencies  and  the  need  to  grade  cores  for  losses  as 
well  as  effective  permeability,  the  need  for  a  more  flexible  and  reliable  type  of  test 
jig  was  apparent. 


Based  on  principles  described  in  National  Bureau  of  Standards  publications,  a  shorted- 
P®rmeameter  was  designed  for  use  on  Micro-Module  miniature  toroidal  cores. 

I  his  device  consists  essentially  of  a  transformer  with  a  quick-acting  shorted-turn 
secondary.  The  shorted  turn  links  a  primary  winding  wound  on  a  suitable  toroidal 
core  which  is  built  into  the  fixture.  A  coaxial  center  pin  links  this  primary  coil  with 


a  cover  that  may  be  conveniently  opened  for  the  insertion  of  a  test  core. 

This  type  of  fixture  has  considerable  flexibility  in  that  suitable  primary  windings  may 
be  prepared  for  any  range  of  test  frequencies  and  any  range  of  core  permeabilities. 
Fuither,  the  mechanical  features  of  a  single-turn  secondary  permit  a  workable  jig  to 
be  fabricated  with  reasonable  dimensions  considering  the  microelement  core  size. 

The  accuracy  of  this  device  permits  permeability  to  be  compared  to  that  of  a  standard 
reference  core  within  approximately  +0.  1  per  cent  and  losses  to  be  compound  within 
approximately  +1  per  cent  when  the  jig  is  used  in  conjunction  with  a  standard  labora¬ 
tory-type  Q  meter.  Figure  3.  1.4-3.  Greater  accuracy  for  permeability  measure¬ 
ments  may  be  obtained  by  using  this  permeameter  in  a  variable-frequency  oscillator 
in  conjunction  with  a  frequency  counter.  Manual  testing  rates  for  permeability  and  Q 
of  100  cores  per  hour  have  been  attained. 

A  close-up  of  the  open  permeameter  with  core  in  position  on  permeameter  pin  is 
shown  in  Figure  3.  1.  4-4.  Figure  3.  1.  4-5  is  an  assembly  drawing  of  this  permea¬ 
meter. 


3.  1.4.  4  WINDING  TESTS 

Testing  of  toroidal  windings  before  mounting  on  suitable  substrates  presented  prob¬ 
lems  dealing  with  reproducibility  of  results  and  adaptability  to  available  test  instru¬ 
ments. 

Fine-wire  leads  presented  unpredictable  leakage  inductance  particularly  in  high- 
frequency  low -inductance  windings.  Handling  of  these  small  elements  also  introduced 
variations  in  their  inductive  and  coupling  values.  It  was  necessary  to  develop  suitable 
standard  test  fixtures  and  test  techniques  in  order  to  properly  control  the  electrical 
values  through  winding,  testing,  assembly  into  microelements  and,  finally,  assembly 
into  Micro-Modules. 

Initially  the  windings  were  quite  loose  on  their  codes  and  any  handling  introduced  con¬ 
siderable  change  in  their  predicted  electrical  values.  As  winding  techniques  improved, 
more  accurate  testing  techniques  were  required. 

Special  jigs  were  designed  to  provide  uniform  placement  of  unmounted  inductors  on 
the  various  test  instruments.  These  jigs  further  standardized  the  external  lead 
lengths  and  placement  during  test.  They  were  prepared  in  such  a  way  that  stray 
capacitance  and  inductance  of  the  test  jigs  were  minimized  and  stabilized.  Windings 
requiring  successive  connections  for  the  various  tests  were  first  mounted  on  test 
boards  provided  with  banana  plugs  so  that  the  coil  leads  and  windings  were  handled 
only  twice,  regardless  of  the  number  of  connections  required  between  instruments. 

Test  procedures  and  calibration  techniques  are  described  in  following  sections  of  this 
report. 
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FIGURE  3. 1.4-3  Permeameter  Coi’e-Test  Equipment 


FIGURE  3.  1.4-4  Close-up  of  Open  Permeameter  with  Core  in  Position 
Permeameter  Pin 


on 
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3.2  HISTORY 


3.2.1  ESTABLISHMENT  OF  SPECIFICATIONS 


3.  2.  1.1  GENERAL  INDUCTOR  SPECIFICATION 

The  general  specification  (RCA  A-8972089)  covered  the  design  and  construction  of 
microelement  magnetic  cores  and  inductors,  grade  3,  class  0  of  Specification  MIL- 
C -15305A  and  was  governed  by  the  over-all  requirements  of  the  Micro-Module  pro¬ 
gram. 


3.2.  1.2  REQUIREMENTS  FOR  MAGNETIC  CORES 

This  specification  (RCA  A-8948851)  covered  the  detail  requirements  for  magnetic 
cores  to  be  used  for  inductor  microelements  having  the  following  mechanical  and 
electrical  characteristics. 

Dimensions:  Outside  diameter:  0.200  +0.010  inch 

-0 

Inside  diameter:  0.  100  +0.005  inch 

-0 

Height:  0.  0  50  +0.  002  inch,  edges  to  be  rounded 
Permeability  tolerance:  +8  per  cent  of  nominal 
Q  tolerance:  +20  per  cent  of  nominal 
Temperature -coefficient  tolerance:  hGO  ppm/°C 

Retcntivity:  Permeability  shall  not  change  more  than  0.  2  per  cent  after 
exposure  to  a  100  Oersted  magnetic  field 

Drive  Sensitivity:  Permeability  shall  not  change  more  than  0.  1  per  cent 

when  core  is  excited  over  a  range  from  0  to  30  Oersteds. 

The  following  tests  were  specified: 

Group  "A"  Tests 

Visual  and  mechanical  characteristics 

Permeability 

Quality  factor 

Temperature  coefficient 

Retentivity 

Drive  sensitivity 
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Group  "B"  Tests 


Vibration,  shock 
Immersion 
Moisture  resistance 

Group  "C"  Test 

Load  Life 


a.  L.  6 


KE^UIREMENTS  FOR  R-F  AND 


x  x 


?as~nt5  tor 


Inductance 


0.  1  to  1500 


Operating  frequency  0.  455,  4.  3,  11.  o  ana  60  me 

Max.  rated  d-c  current  100  ma 

The  following  tests  were  specified: 


Group  "A"  Tests 

Visual  and  mechanical  inspection 

D-C  resistance 

Inductance 

Quality  factor 

Self-resonant  frequency 

Drive  sensitivity 

Temperature  coefficient 

Dielectric  strength 

Insulation  resistance 

Overload 

High-temperature  exposure 

Group  "B"  Tests 

Vibration,  shock 
Immersion 
Moisture  resistance 

Group  "C"  Test 

Load  life 
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3.  2.  1.4  REQUIREMENTS  FOR  PULSE  TRANSFORMERS 

RCA  specification  A-8972067  covered  the  detailed  requirements  for  microelements 
pulse  transformers  having  the  following  static  and  dynamic  electrical  ratings: 

Performance  at  25°C 

The  following  performance  was  required  at  25°C  both  prior  to  85°C  operation  and 
subsequent  to  -55  C  operation.  Applicable  test  circuit  and  operating  potentials  are 
described  in  Figure  3.  2.  1-1  and  the  output  waveform  is  shown  in  Figure  3.  2.  1-2. 

Amplitude  (no  load)  8.  5  +0.  5V 

Amplitude  (loaded)  should  not  differ  from  no-load  valve  by  more  than  0.  5V. 

A  duration  >:1.  5  Msec 
B  duration  >  0.  5  Msec 
tr  ^  0.  3  sec 
C  <  1.  0  V 

Trigger  level  <  4.5  V  peak  to  peak 
Amplitude  8,5V  +0.5  V 

Amplitude  at  full  load  shall  not  differ  by  more  than  0.5  V  from  no-load  value 
A  duration  >1.0  Msec 
B  duration  0.  5  sec 
tr  <  0.3  Msec 
C  <  1.  0  V 

There  shall  be  no  module  output  pulse  when  the  input  pulse  amplitude  is  reduced  to 
4.  5  V. 

3.  2.  1.5  WAIVERS 

Waivers  in  the  following  areas  of  the  inductor  specifications  were  approved  bv  the 
Signal  Corps: 

a.  The  I-F  center  frequency  stability  requirement  was  revised  from  +4  kc 
to  +20  kc  for  all  prototype  and  final-grade  Micro-Modules  in  whiclT fer¬ 
rite  cores  were  used  in  the  transformers.  (This  was  not  applicable  to 
powdered  iron  cores.) 
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FIGURE  3.2.  1-2  Output  Waveform  of  Pulse  Transformer 

b.  The  pulse -transformer  overshoot  requirement,  discussed  above  was 
changed  to  less  than  or  equal  to  1.  3  volts  at  the  temperature  extremes 
P  4  volts  or  less  after  "B"  testing,  and  1.  5  volts  or  less  after  "C"  test- 

C'  nne,irecrqUiHreiinent  f°r  driVG  sensitivity  measurements  was  eliminated  for 
final -grade  transformers  for  delivery  to  the  Signal  Corps. 

3.  2.  1.6  COMPARISON  OF  INDUCTOR  AND  MICRO-MODULE  SPECIFICATIONS 

Table  3.  2  1-1  compares  the  specifications  of  various  inductor  elements  to  the  speci¬ 
fications  of  the  modules  in  which  they  are  used.  speci 
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TABLE  3.  2.  1-1  Comparison  of  Inductor  and  Micro-Module  Specifications 
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At  approximately  10  times  the  normal  module -drive  level. 


micro-module  production  program 


3.2.2  DESCRIPTION  OP  PROGRESS 

liPPte 

co™KoM^iSea^i^S„,|fXrrc-lt0r0lr8-  1301  C°res'  CUp  cores'  and  E-“re 

^hiPlHino-  f  requirements  of  the  coil  configuration  included  a  need  for  self- 

meCha'“°£‘1  ^perature  stability,  and  adaptabii^mpro- 

The  toroidal  configuration  was  selected  since  it  is  inherently  self-shielding  and  con 
tains  no  gaps  to  contribute  stray  field,  or  mechanical  instability  J  .  ^  . 

Struct.™  was  also  considered  tl  be  easiiy 

Since  a  coil  suitable  for  mounting  on  a  microelement  wafer  has  a  relatively  small 

o”SrX^ 

1“  cores.  W  The 

The  initial  work  at  Needham  involved  the  doping  of  nickel -zinc  ferritco  with  u  • 

perature  coefficients  were  in  the  range  of  0  +100  parts  Der  million  opt-  °c  f 
barium  ferrite  and  3000  parts  per  million  per  °c  for fotal/territe  "  the 

E~  ? 

s^^SSSSSSESS^SS. 

tt  fef?ritte°corrserinS  tem^^ 

FJ°frt  at  Needham  was  then  channeled  into  three  basic  areas:  Low  frequency  cores 
frequency  applications  between  100  kc  and  1  me,  medium-frequency  cores  for  1  to 
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10  me,  and  high-frequency  cores  for  50  to  70  me  applications.  The  low-frequency 
cores  were  to  have  permeabilities  in  excess  of  100  and  temperature  coefficients  in  the 
range  of  300  parts  per  million  per  °C  over  the  temperature  range  of  -55°C  to  +85°C. 
The  permeabilities  of  the  medium-frequency  ferrite  cores  were  to  be  between  40  and 
80  and  the  temperature  coefficients,  0  +100  parts  per  million  per  °c.  High-frequency 
cores  were  to  have  permeabilities  in  excess  of  10  and  temperature  coefficients  of 
0  +100  parts  per  million  per  °C  over  the  same  temperature  range. 

Inductors  for  preliminary  modules  were  designed  to  be  wound  on  the  early  Needham 
ferrite  cores.  These  designs  included  chokes  ranging  in  inductance  from  2.  4  to 
1500  Mh  as  well  as  4.3-mc  I-F  transformers  and  50-mc  R-F  transformers.  In  addition  a 
blocking-oscillator  transformer  was  designed,  permitting  the  incorporation  of  this 
previously  separate  component  into  the  module.  The  ferrite  cores  used  in  these  de¬ 
signs  provided  adequate  performance  for  the  room -temperature  feasibility  tests  re¬ 
quired  of  the  preliminary  modules. 

The  characteristics  of  ferrite  cores  developed  for  the  prototype  inductors  were  as 


follows: 

a.  XF-3909-H  50  me 

Q . 100 

M  .  10+10% 

Temperature  Coefficient . -20  +50  ppm/°C 

Max.  -AL  between  -55°C  and  +85°C  .  .  .  .  5% 

JL< 

Drive  Sensitivity . 0.  09% 

b.  XF -3893-5- 130 -131  4.  3  me 

Q . 100 

M  . .  56  +10% 

Temperature  Coefficient . 0  +150  ppm/°C 

Max.  -  ^  between  -55°C  and  +85°C  •  •  •  •  5% 

Drive  Sensitivity  * . .  0.8% 


*  Drive  sensitivity  was  measured  at  4.  3  me  using  a  discriminator  indicator.  The 
input  voltage  was  varied  from  0.  1  volt  to  1  volt  rms.  The  test  coil  inductance  was 
14  mH. 


c-  XF-3988A-24?  2 
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Temperature  Coefficient 


125  +10% 

500  +300  ppm/°C 


Max.  —  between  -55°C  and  +85° C 
Drive  Sensitivity* 


d.  XF-3732  3.5 


Drive  Sensitivity* 


210  +10% 


input  voltage  was  varied  fFmn  O  f  volt  toV'volT  &  dis"1.minator  indicator.  The 
14  mil.  ‘  1  VOlt  to  1  vo]t  rm«-  The  test  coil  inductance  was 


A  tota^of  11  coil  designs  were  made  for  prototype  modules  as  indicated  in  Table 

the  Micro-Module  Program1  ^h^rcTincmlnf001  ^Wind  t!lc  sma11  ^roidal  cores  of 
and  3. 2.  3  moments  made  are  described  in  Sections  3.  1.  3 

™eS  „„  the  cores.  „s 

The  measurement  of  tem^atoe^oeffideM™'?1016’^3  ?e0an'e  of  llrimtt  Importance, 
required  the  development^ moo,^eau^eJ  !Yilh!l  high  deSIee  “Accuracy 
given  in  paragraph  3.  2.3.  The  dvnamir  La  ’  A  desc^1Ptlon  of  this  equipment  is 

made  possible  faster  determination  of  teLpe rLtLre  coe characteristics 
tinuous  chart.  Refinement  of  this  measurement  coefficients  in  the  form  of  a  con- 

rs  ssssaa  =t  ■ 
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Micro-Module  Type 

Inductor  Type 

Frequency  (me)  or 
Inductance  (uH) 

XM-14A 

Choke 

1500  mH 

XM-15B 

I-F  Transformer 

4.  3  me 

R-F  Choke 

38 

XM-16B 

I-F  Transformer 

4.  3  me 

R-F  Choke 

38 

XM-17B 

I-F  Transformer 

4.  3  me 

I-F  Transformer 

4.  3  me 

XM-20B 

R-F  Transformer 

50  me 

R-F  Choke 

2.4 

XM-21B 

R-F  Transformer 

50  me 

R-F  Choke 

2.4 

XM-24A 

Choke 

600  /iH 

XM-28B 

Pulse  Transformer 

XM-29B 

R-F  Transformer 

50  me 

- . — 

R-F  Choke  I 

2.4  jiH 

TABLE  3.  2.2-2  Prototype  Inductor  Types 


measured  to  indicate  shift  in  induetance.  Special  permeameters  were  developed  for 
these  small-size  cores  to  permit  determination  of  permeability  for  selection  purposes 
without  the  need  for  winding  a  eoil  on  the  eore.  Q  measurements  were  made  on  a 
Boonton  Q  Meter  after  winding  a  test  coil  on  the  core.  The  measurement  of  prototype 
cores  revealed  the  following  basic  problems: 


a.  Permeability  shifts  due  to  the  stress  caused  by  the  encapsulant. 

b.  Permeability  shifts  due  to  induced  polarized  magnetic  fields. 

c.  Temperature-eoefficient  shifts  from  both  stresses  caused  by  the  encapsu¬ 
lant  and  magnetic  fields. 

The  effeet  of  encapsulation  stress  was  reduced  by  coating  the  coils  with  a  cushioning 
material  such  as  silicon  rubber  or  silicon  resin  prior  to  encapsulation,  as  described 
in  Section  3.  1.  1.  4 


No  solution  other  than  magnetic  shielding  was  found  to  prevent  ferrite-core  inductance 
changes  due  to  polarized  magnetic  fields.  Such  fields  could  be  introduced  in  the  core 
either  by  an  external  magnetic  force  or  by  passing  a  direct  current  through  one  of  the 
windings.  Since  the  module  was  not  expected  to  have  unbalanced  direct  currents  high 
enough  to  cause  a  polarized  field  problem,  it  was  only  necessary  to  insure  that  the 
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coils  in  modules  were  demagnetized  after  processing.  This  involved 
netization  in  a  solenoid  in  conjunction  with  thermal  cycling. 


a  cycle  of  demag- 


Measurements  on  prototype  modules  using  the  above  cores  indicated  tuned  circuit 
stabilities  of  approximately  +20  kc  in  4.  3 -me  I-F  circuits.  This  stability  was  not 
considered  adequate  for  final-grade  modules  and  led  to  a  reopening  of  temperature- 
coeff1C1ent  studies  by  Needham.  Substantial  reductions  in  temperature  coefficients 
and  its  tolerance  were  attempted  by  more  precise  control  of  the  percentage  of  addi¬ 
tives,  firing  temperature  and  atmosphere,  and  time. 


STtavbility  at+tained  inJhe  final-grade  modules  with  ferrite  cores  was  +12kc 
i4't  ^k1  F  circultf-  At  thls  time,  however,  the  subassembly  requirements  for 
I* no  t b?6n  m0-?  Clfely  determined  indicating  a  need  for  a  stability  of  +  4 kc in 
.  i\  3  ™.u  \  f.  ®irCfUlts'  In  reassessing  the  capabilities  of  ferrite  cores  it  was  de¬ 
termined  that  little  further  improvement  in  temperature  coefficients  could  be  expected 

ll^n^VmPTemeni  u11  temPcratu re  coefficients  had  been  realized  through  a 
gradual  reduction  of  permeability  to  approximately  8  to  10.  It  was  then  apparent  that 
this  represented  little  advantage  over  available  powdered-iron  cores  having  similar 
permeability  at  4.  3  me.  A  parallel  program  was  started  under  Program  Extension  I 
to  establish  sources  and  evaluate  suitable  powdered-iron  cores  meeting  the  program 

Xhrnt tablhty  °bjeCdves-  After  approximately  one  third  of  the  final-grade  modules 
we i e  built  these  cores  became  available  and  it  was  decided  that  the  balance  of  the 
inductors  for  i  f  modules  would  be  built  with  powdered-iron  cores.  Stability  ob¬ 
tained  with  these  cores  is  as  follows: 


Temperature  coefficient  25  _j_10  ppm/°C 

Drive  sensitivity  0.  1%  (when  subjected  to  0  to  30  Oersteds) 

Module  stability  attained  with  these  cores  was  in  the  neighborhood  of  +7.  5  kc  deviation 
i rom  4.0— me.  — 


Acceptance  tests  were  performed  on  final-grade  cores  and  coils,  including  environ- 
mcntal  and  hfe  tests  in  encapsulated  modules.  The  results  of  these  tests,  described 
in  bection  3.  3.  5  of  this  report,  were  accepted  on  the  Initial  Program.  All  test  sam- 
plan  and  reqUired  deliveries  were  completed,  satisfying  the  requirements  of  the  design 


3.2.3  DESIGN  AND  CONSTRUCTION  OF  SPECIAL  EQUIPMENT 


3.  2.  3.1  WINDING  MACHINE 

The  Micro-Module  requirement  of  selecting  an  existing  form  of  flat,  radially  termin¬ 
ated  sell  shielding,  lumped  inductance  led  to  the  selection  of  the  toroid.  Existing 
toroid  winding  techniques  were  investigated  and  available  commercial  winding-machine 

esigns  were  reviewed  before  RCA  purchased  a  Boesch  Model  SM  miniature  toroidal 
coil  winder. 


3-23 
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I 


In  order  to  wind  toroids  of  few  turns  (for  R-F  coil  si  rpa  rioiroirtrua/i 
Shuttlo  whi  h  could  *  opened  to  delivL  alL'cTcU^ 

lluZ  nSC3UCntly’  reload^g  for  each  unit  was  unnecessary.  Moreover  (Ss 
shuttle  was  round  in  cross-section  -  the  same  shape  as  the  hole  in  the  toroTd  This 
method  appeared  desirable  for  winding  R-F  coils  on  0.  200-inch  cores  which  fit  on 

S,T  ‘hC  °r,r  S'de  °f  ‘he  bl°ck-  W"™  spira7wS  a”  the  wayfhroigh  'he 
shuttle  it  was  cut  by  a  guillotine  at  the  tunneling  block.  The  nozzle  was  then  hnnH 

threaded  onto  the  straightened  end  of  the  wire  and  guided  into  the  end  of  this"  lie 
The  opposite  end  of  the  shuttle  was  slotted  toward  The  shuttle  center  to perm?' d/s 
pensing  the  wire  when  the  ends  were  coupled  by  the  nozzle  The  or 
were  f0rmed  from  0.  035-inch  diameter  stock  a^  used  v^ry  tLy stZ^s^L- 
les  that  were  easily  lost  in  the  threading  operation. 

In  0  ff)fi7t  i'01!,S  W°Urd  Wi!,h  tbe  above  seluP  were  wound  with  AWG  40  H.  F.  wire  through 

sTho^dTubr.,10n  “  ~  -- 

-  SC  SK  a"dracPhokos0 eo^tXduSd^r  r 
nrohto  aS  ™°mtored  hy  exposed  copper  in  an  electrolytic  bath,  continued  to Ixj  a  major 
I  m.  Having  produced  predictable  but  unsatisfactory  coil  parameters  the  nro- 
giam  now  required  the  use  of  both  larger  and  smaller  wire  sizes  AWC  38  WiJ  no.  ih 

theTmall’er  sicle6  AWG^^  ^  ^  mandrel  breaka^  occurred.  On 

me  smaller  side,  AWG  42  wound  satisfactorily  but  tension  of  AWG  44  were  so  low  that 

a  cod  spring  type  of  winding  resulted  which  would  slide  loosely  about  the  core  The" 

Iwtor  IhT  hWiie  iAI°  38)  rCSUltSd  in  increasing  the  shuttle  size  to  0  049-inch 
H  ,  ‘  his  ®huttle  with  a  Nylon  nozzle  loaded  from  an  0.  015-inch-diameter 

tendon  fnPr°dUad  a  sma11  Percentage  of  coils  without  any  exposed  copper.  Increased 

lc  hi  This  clbtoS  44  T°  WHS  r°VuidCd  by  thC  '^er  spiral  a„Ta  smaHeTnoa- 
f  •  lhls  combination  of  mandrel,  shuttle  and  nozzle  produced  some  usable  mila 

devetop^nto  too"toi-mmentS-  ^  ^  WOUnd  by  thiS  S^tem  while  other  winding 

Th'pfr  I*0  t°r°ld  °Jcr  a  considerable  area  leaving  only  about  215°  on  which  to  wind 
friction  drive  offered  full  toroid  winding  length  and  the  original  design  intent  was 

couDrin/nenCH°marieS,  fr°m  ^  end  °f  the  This  ^d  to  producf tie  desired 

primary  The ’1??  redcsi^ned  to  move  lhe  secondary  into  the  center  of 

P  •  a  '.J.p  neW  dcsign  produced  close  coupling  but  poor  uniformity  as  the  counlino- 
varied  With  the  secondary  location  relative  to  the  primary.  Two  lovaUons  I lc  8 
made  to  accurately  locate  the  start  of  the  secondary  from  the  end  of  the  primary  The 
first  involved  counting  the  shuttle  turns  as  the  coil  was  idled  into  the  sm?t  p”siHo„ 
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beca^Sc  SS'/SS  toTt  »*>  «»*• 

vated  this  condition  as  the  low-frietion  Tefln  ™  ^  °f  Teflon  coated  cores  aggra- 
drive  tension  was  inereased  the  roundi  /USed  excessive  slip,  and  when  the 

core  to  ride  up  on  the  drive.’  This  permitted  the 

winders  and  a  design  was  started  to  DrovPiJ  Ur  h6F  stimulated  interest  in  segment 
on  up  to  330°  of  the  toroid  P  ldC  &  C°re  V1SG  whieh  would  Permit  windings 

done  by  Boeseh  Manufacturing^^pfnyJ^BTCseh^l0”-™80/11"6  refinement  was  being 
start  the  load  spiral  so  that  iT  searehed  its  nw  ccsigned  a  loader  attachment  to 
tached  to  the  end  of  the  shuttle  This  refine  reuSh  a  nozzle  permanently  at- 

break-through  since  it  eliminated  the  tedZZ  'TT*  imP°rtant  Production 
nozzle  and  permitted  effective  honing  o/thc  metof  nozzte  ^ ading  operation  and  the  lost 
relative  to  the  winding  plane.  Previouslv  n  °  zle  which  remained  in  place 

honed  before  it  was  lost.  The  return  to  the  meta,  nozzle  could  not  be  adequately 

sion  for  winding  AWG  44  wire  and  n  stm  ■  nozzle  provided  mueh  needed  ten- 

also  provided  a'color-codS "ctectL o  KeS  ^  B°CSeh  loadcr  desi^ 

for  each  of  four  shuttle  diameters  0  028  (>d  n m n  l  providinS  optimum  setups 

eould  be  driven  by  their  revamped  winding  ’  °‘  °5°  and  °‘  002  inch>  all  of  which 
RCA  purchased  the  first  Monitor  with  Micro  Module  C°mnf  rciaJly  titled  tho  Monitor, 
to  suggest  further  machine  refinement^  Durimr  induetor  refinements  and  continued 

mandrel,  with  less  tendency  to  damage ma ne Vrc sSUF*™  impr°VCd  SpiralinS 
was  designed.  magnet  wire  and  with  an  improved  life  span, 

l^TZ^ZTof  RCA  imdtxm^  The  ma°“BO  WM  lhe  *"»«*  segment 
core  adequately  but  still  provides  325°  for  the  wtedteg^Thc  T  af  °mbly  ”riP«  the 
dexing  and  reloeating  to  +  Back  winding^  m^ Sh  Toll  Z 


Moreover, 


The  present  RCA  winder  (Figure  ’5  2  2  — ,IO:  „  ■, 

diameter  of  shuttle  and  only  Two  nozzle-hole  s.zTT  °n°  loadin”  mandrel.  with  one 
the  present  five  R-F  choke  designs,  the  present  six  as _Provca _ adequate  for  winding 

blocking-oscillator  transformer  design  included  in' thi'iV.ii1’^ S*0rmcv  desi&ns  and  a 
Boeseh  accessories  should  make  thn  win^l  th  1  Probrram.  Complete 

that  .the  present  winder  is  equal  or  superior  to°maeh  rSaU1<y  ,  Time  study  has  indicated 
automatic  stop  on  the  loader  permits  the  operator  in  GS  ,W!ndlnS  larger  toroids.  An 
reducing  the  production  t^me  This  is  immssible  on  7h "d  ?“nngf  loadinS  time,  thus 
the  wire  must  be  loaded  on  the  winding  machine.  °  S  ldei  tyPC  shuttle’  where 


3.  2.  3.  2  TEST  JIGS 

“  —  ---  xzzr* ,hc 

menMesf  tcchniquc^lo'standa^d  commcrcjat'tost'equ'ipmcnL1'  ™^ure° jl^i-lTshows^ 
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FIGURE  3.  2.  3-1  Toroidal-Coil  Winder  and  Shuttle  Loader 


dynamic  test  setup  for  measuring  of  unmounted  transformers.  A  Boonton  Radio  Com¬ 
pany  Model  250 A  RX  Meter  and  two  Ballantine  R-F  voltmeters  perform  the  test 
functions  and  an  adaptor  fixture  is  used  to  connect  the  microelement  to  the  test  equip- 


3. 2.  3.  3 


TEMPERATURE-COEFFICIENT-MEASURING  EQUIPMENT 


r  st  equipment  for  measuring  temperature  coefficient  of  induetanee  was  designed  and 
built  rhe  basie  operation  of  the  equipment  is  shown  in  the  bloek  diagram  Figure 
'  '  '  ~5'  The  loroidal  inductor  to  be  tested  is  connected  in  an  oscillator  tank  circuit. 

he  test  oscillator  receives  its  feedback  over  several  buffer  shapes.  The  use  of  auto- 
m ;i t ) c  gain  control  avoids  frequency  shifts  caused  by  the  Miller  effeet  in  the  oseillator 
be  the  oscillator  signal  is  mixed  with  a  signal  derived  from  a  erystal-eontrolled 
standard  generator,  and  the  beat  frequency  is  then  fed  to  a  frequency  meter,  whieh 
prov  ides  the  voltage  for  the  Y-defleetion  of  an  X-Y  recorder.  The  X-axis  of  the  re¬ 
corder  is  operated  directly  from  a  temperature-sensitive  element  placed  in  the  tem¬ 
perature  box.  The  recorder  registers  frequency  deviation  as  a  function  of  tempera- 
uim  For  small  deviations,  the  induetanee  change  is  approximately  linear  with 
tiequency  change  as  shown  by  the  following  expression: 


A  L 
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FIGURE  3. 2. 3-2  Test  Jig  for  Unmounted  Coils 
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FIGURE  3. 2.  3-4  Dynamic  Test  Setup  for  Unmounted  Transformers 


FIGURE  3.  2.  3-5  Drive  Sensitivity  Measuring  Equipment,  Block  EJiagram 
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Tinn  C™Venfience'  an  operating  frequency  of  2  me  was  chosen  to  allow  a  direct  conver- 
sion  from  frequency  deviation  in  cycles  per  second  to  inductance  deviation  in  parts  per 
million.  Measurement  can  also  be  made  at  other  frequencies. 

The  temperature  box  contains  a  heater  element  and  a  nozzle  for  injecting  liquid  carbon 
dioxide  and  permits  temperature  variation  over  a  range  from  -55  to  +95°C. 


I 

I 

I 

I 

I 

I 

I 

f 
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3.3  DESCRIPTION  OF  TESTS,  AND  PERFORMANCE  DATA 

Inductor  testing  was  divided  into  four  main  areas  as  follows: 

a.  Core  testing 

b.  Prototype  induetor  evaluation  testing 

c.  Final-grade  inductor  acceptance  test 

d.  Testing  of  final  inductor  elements  for  delivery  and  for  modules 

The  core-test  program  was  conducted  in  conjunction  with  the  ferrite-core  improve¬ 
ment  effort  by  RCA,  Needham,  Mass.  The  types  of  tests  performed  and  final  results 
are  indicated.  A  large  number  of  the  final  R-F  transformers  were  built  with  pow¬ 
dered-iron  cores  because  final  eircuit  stability  needs  could  not  be  met  with  the 
state-of-the-art  ferrite.  Powdered-iron-core  performance  is  not  covered  in  this 
report;  it  will  be  included  in  later  reports  under  Program  Extension  I. 

The  prototype-test  program  was  conducted  to  assess  the  performance  of  induetor 
elements  which  used  the  materials  and  techniques  selected  for  final  designs.  While 
the  prototype  microelements  were  not  required  to  meet  environmental  and  life-test 
requirements,  they  were  tested  under  these  conditions  to  determine  their  potential. 
These  latter  tests  were  made  with  the  inductor  encapsulated  in  the  module  structure. 

The  prototype  inductor  data  given  in  this  seetion  summarize  results  of  the  various 
tests . 

Final-aceeptance-test  results  are  given  in  summary  covering  performance  of  the 
various  chokes  and  transformers  against  all  Micro-Module  specification  objectives. 

The  inductors  tested  were  constructed  with  materials  and  techniques  used  for  the 
coils  built  into  the  final  Micro-Modules .  Environmental  and  life  tests  were  performed 
on  inductors  which  were  assembled  and  encapsulated  in  the  module  structure. 

Also  included  in  this  section  are  charts  indicating  typical  data  for  each  of  the  choke 
and  transformer  types  used  in  final  Micro -Modules  or  shipped  as  microelements  to 
the  Signal  Corps. 

Microelement  inductors  are  manufactured  in  two  basic  stages:  wound  inductors  and 
mounted  inductors .  Various  tests  are  performed  in  order  to  insure  conformity  to 
specifications  and  required  quality  levels  at  each  manufacturing  level. 

Certain  electrical  tests  are  performed  on  unmounted  transformers  because  of  their 
complex  nature  and  because  transformers  are  usually  mounted  on  capacitor  substrates, 
which  are  difficult  to  salvage.  Tests  performed  include  measurement  of  static  param¬ 
eters  and  dynamic  performance,  whichever  is  applicable.  Performance  Test  equipment 
is  shown  in  Figure  3.3. 1-1. 
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FIGURE  3. 3. 1-1  Test  Equipment  used  for  Performance  Tests 
on  Microelement  Inductors 


3.3.1  GENERAL  DESCRIPTION  AND  PURPOSE  OF  TESTS 


3.3. 1.1  CORES 

Measurements  on  ferrite  cores  included  the  following: 
Permeability 
Losses  or  Q 

Temperature  coefficient 
Curie  temperature 
Drive  sensitivity 
Remanence 

Mechanical  uniformity 
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3.3. 1.2  CHOKES 


Performance  Test 


Purpose  of  Test 


1.  Inductance 

2.  Q 

3.  Self-resonant  freq . 


Check  for  correct  number  of  turns  and 
winding  pitch. 

Check  on  initial  coil  Q,  winding  config¬ 
uration,  effects  of  impregnant,  mounting 
&  soldering. 

To  establish  compatibility  of  inductance 
and  substrate  assembly  to  meet  module 
circuit  requirements. 


3.3. 1.3  R-F  AND  I-F  TRANSFORMERS 
Performance  Test 

1.  Inductance 

2.  Qe,  Qu,  Q1 

3 .  Input  Impedance 
Bandwidth 


4.  Insertion  Loss 


5.  Resonance 


6.  Voltage  Ratio 


7.  Insulation  Resistance 
and  Dielectric 
Strength 


Check  for  correct  number  of  turns  and 
winding  pitch. 

Check  on  initial  coil  Q,  winding  config¬ 
uration,  effects  of  impregnant,  soldering 
and  effect  of  proximity  of  transformer 
windings  to  capacitor  substrate. 

To  insure  circuit  requirements  are  met 
under  simulated  loaded-module  conditions . 
Proof  of  correct  number  of  turns  and  co¬ 
efficient  of  coupling. 

To  indicate  general  transformer  efficiency 
under  loaded-circuit  conditions . 

To  insure  compatibility  of  transformer  in¬ 
ductance  with  substrate  wafer  capacitance 
to  provide  required  frequency  tuning 
adjustment  range. 

To  establish  whether  specified  number  of 
turns  have  been  applied  to  transformer. 

To  verify  resistive  isolation  between 
primary  and  secondary  windings  and  all 
electrically  insulated  substrate  wafer 
terminations . 
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3.3. 1.4  PULSE  TRANSFORMERS 

Inductance  &  Q 

Coupling 
Coupling  ratio 

Insulation  resistance 
and  dielectric  strength 


Dynamic  pulse  test 


Correct  turns  and  shorted  turns  . 
Placement  and  uniformity  of  windings 


-A  W 


pi  ove  resistive  isolation  between 
windings  and  insulated  termination 
notches . 

Demonstrate  required  module  performance 
ar^',“tgpuP,UlSeWld*h'  — o? 


Test  results  are  described 


in  the  following  sections. 


3.3.2  FERRITE  CORE  TESTS 

”adf  W“h  fe,rrlte  Cores  are  Indicated 
are  shown  in  the  Curie  Diagrams  of  Figure  3  S  ii  E"  f?r  lhe  fe"ite  cores 
it.  considered  to  be  the  temperature  at  which  the  /  t^ese  Plots>  the  Curie  point 
cent  ot  ,he  peah  voltage.  £ne  *°  10  - 


CORE  No. 

frequency 

minimum 

Q 

NOMINAL 

M 

TEMPERATURE 

COEFFICIENT 

CURIE 

POINT 

XF-3732 

4.3 

70 

200 

3000  ppm/°C 

240°C 

XF-3846 

4  3 

100 

50 

220  1220  ppm/°C 

310°C 

XF-3909 

50 

100 

10 

0+50  ppm/°C 

380°C 

XF-3988 

4  3 

40 

125 

470  1470  ppm°C 

240°C 

XF-4226 

25 

100 

10 

-100  +70  ppm/°C 

XF-3843 

4.5 

90 

24 

300  +500  ppm/°C 

- — _ 

TABLE  3. 3. 2-1  Basic  Characteristics  of  Ferrite  Cores 


micro-module  production  program 


womd  w!t£6S SndtoisTs'sho™  to°F^  “3“  ““2“*  5!“  e"“PS“Wed  ferrite  cores 
dynamic-curve  tracer  described  earlier  in  the  report,  ^  Were  made  °n  the 

ttet,Ir?°U1  ferdte  C°reS  USed  “  P- 

indicated  in  Table  3 . 3 . 2-2.  later  final"^ade  I-F  transformers  are 


Mechanical  Uniformity  Data 


FERRITE 

CORES 

O.D. 

I.D. 

height 

XF-4226 

Spec  Values 

xvunimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

.220  .226 
•219  -  .229 

•109  .113 

.108  -  .ns 

.0512  .0535 

•048  -  .058 

XF-3843 

Spec  Values 

•  224  .  227 

.217  -  .231 

•HI  .113 

.107  -  .117 

•0494  .0518 

•043  -  .058 

XF-3988 

•209  .216 

.208  -  . 218 

•107  .112 

.106  -  .116 

- — — - 

.0470  .0493 

. 044  -  . 054 

POWDERED 

IRON 

57-3788-12 
Spec  Values 

•  197  .202 

.190  -  .210 

.100  .104 

•100  -  .105 

.0469  .0525 

.048  -  052 

'  ■  L. 

TABLE  3.3. 2-2 


Mechanical  Data  for  Ferrite  and  Powdered-Iron  Cores 


Jame  mcdds^er^useli  for^ac^formn^Hon*111  v'Si0'1S  T"  fr0“  ***  the 
for  the  variance.  ulation.  Varying  shrinkage  rates  thus  account 


one  shown  to  Fi^ureTs  !2-3  A  .Thug1  ele™u^Ldnanth  diSC.™inator  setuP>  such  as  the 
4.3-mc  discriminator  in  the  AN/PRC-sr  Pn  •  nS  thf  actaal  working  conditions  of  the 
balance  by  changing  the  frequency  for  differeXTnn  V  ^  ^  voltage  was  kePt  at  zero 
of  the  frequency  was  an  indication  of  the  nh  P a  voltage  settings  .  The  variation 
demonstrated  in  Figure  3.3.2-3B.  Drive  senliUvitv  UCtance  due  drive  changes,  as 
discriminator  indicator.  The  innut  voltTJT,  ^  measured  at  4.3  me  with  a 
Test-coil  inductance  was  14  ®h  g  Varied  fr°m  °  ’ 1  volt  to  1  •  0  volt  rms . 
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X  3,983-5-130-131  (2  STACKED  CORES) 

A  3 988A-29A 
«  3983  (EARLY  CORE  ) 

<t>  3983-5-128-129  (LOW) 

©  57-2336  POWERED  IRON 
0  3983  -  5- 130  -  131 

A  L  PPM 


FIGURE  3.3.2-3B  Drive-Sensitivity  Characteristics  of  Toroids 


fer^ite' re'manence  have  been  studied;  the  results  are  summarized  in 
1  i  +l’2  Jhe  tGSt  WaS  made  after  Ending  300  turns  on  each  ferrite  core  and 
the  mduct°rs  10«-volt  pulses  for  a  short  time  to  assure  saturation  by  the 
peak  drive  current.  All  cores  showed  considerable  changes  in  inductance  when 
measured  with  a  Q  meter  both  before  and  after  pulse  application.  After  pulsing  the 
cores  exhibited  very  little  change  during  a  following  three-hour  period.  Dema^netiza- 

than  Z  !  he  touthe  original  values.  The  pulsing  used  was  more  severe 

than  normally  is  expected  in  the  circuitry. 


Core 

Demagnetized 

PULSE  SENSITIVITY  (mH) 

Demagnetized 

Pulsed 

Three  Hours 
After  Pulsing 

3988A-487 

1700 

1530 

1530 

1700 

3988A-505 

1650 

1559 

1550 

1650 

3983-5-130/131 

845 

780 

780 

849 

3909  Box  A 

103.4 

97 

97.5 

104 

3732-2 

2170 

2090 

2110 

2170 

TABLE  3 . 3 . 2-3  Magnetic  Stability  of  Ferrite  Cores 
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3.3.3  TEST  PROCEDURES  (Final  -Grade 


Elements  for  Modules) 


3. 3. 3.1  FIRST  TEST  ("A"  TEST)  UNMOUNTED  INDUCTOR  ELEMENTS 
Chokes  and  Transformers 
a.  Mechanical  inspection 


Sampling 


General  visual  and  mechanical  conformance  with  drawings 
Wire  size 
Pitch  uniformity 
Loose  turns 

Lead  length,  stripping  and  tinning 
Loose  turns 

Over-all  thickness  and  diameter 
b.  Electrical  Tests 

Inductance  and  Q,  primary  and  secondary 
Open  circuit  voltage  (turns  and  coupling  check) 


100% 

1% 

100% 

100% 

100% 

100% 

100% 


100% 

100% 


3.3.3. 2  SECOND  TEST  "A"  TEST  MOUNTED  MICROELEMENTS 
Chokes 


a.  Visual  and  mechanical  inspection 

General  visual  and  mechanical  and  conformance  to 
drawings  and  specifications 
Centering  of  inductor  elements  on  substrate 
Impregnation  and  adherence  of  inductor  element 
to  substrate  wafer 

Dressing  of  leads  and  solder  connections 
Over-all  thickness 


b.  Electrical  Tests 
Inductance  at  1 
Self-resonant  frequency 


or  attenuation  at 
specified  frequency 
for  decoupling 
assemblies 


100% 

100% 

100% 

100% 

100% 


100% 

100% 
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3. 3. 3. 3  TRANSFORMERS 


a.  Mechanical  Inspection 

In  general,  the  same  mechanical  inspection  as  that  for  chokes  except 
that  attention  is  focused  on  proper  lead  dress  and  conformance  with 
assembly  drawings .  This  is  particularly  applicable  to  high  frequency 
transformers.  J 

b.  Electrical  Tests 


Resonant  frequency 
Input  impedance 
Bandwidth 
Insertion  Loss 

Insulation  resistance  and  dielectric  strength 

c.  Performance  Values 


100% 

5% 

5% 

5% 

100% 


Refer  to  B499277  Sheet  1  -  Inductor  performance  Outline 
Specification  and  Dynamic  Test  Circuits:  Microelement  Inductors 

d.  Nominal  Values  and  Limits,  Electrical  and  Mechanical 

Mechanical 


Specifications  for  over-all  thickness  of  unmoifnted  inductors  and 
mounted  inductors .  Inductor  specifications  describe  mechanical 
requirements.  Assembly  drawings  show  the  inductor  position  and 
orientation  on  the  substrate  and  the  points  of  lead  breakout  and 
their  connections  to  wafer  notches.  These  drawings  provide  a 
picture  of  the  inductor  assembly  on  a  10-to-l  scale. 

Electrical 


Electrical  limits,  based  on  circuit  applications  and  the  basic  practical 
limits  which  can  be  expected  through  controlled  manufacturing  processes 
were  established  for  inductors. 


The  general  details  and  procedures  for  reaching  suitable  electrical 
limits  for  inductors  were  as  follows: 

1.  Choice  of  core  material  and  wire  size  for  the  particular  application. 

2.  Winding  techniques  which  provide  the  most  consistent  mechanical 
characteristics . 
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3.  The  use  of  electrically  nominal  cores  for  initial  samples. 

4.  Evaluation  of  initial  samples  for  electrical  characteristics  and 
conformance  with  circuit-application  requirements. 

5 .  Nominal  electrical  values  and  limits  were  established  on  the 
basis  of  average  values  procured  from  initial  samples. 

6.  Inductor  standards  with  average  electrical  values  were  chosen. 

7.  Tentative  inductor  standard  sheets  were  written  up  as  test 
criteria  for  preliminary  production  quantities. 

8.  Final  nominal  electrical  specifications  and  limits  were 
established  through  the  evaluation  of  inductors  from  an 
initial  production  quantity. 

9.  Applicable  limits  were  specified  on  the  following  electrical 
parameters  for  R-F  and  I-F  transformers  and  chokes: 

Inductance 

.  Q 

Bandwidth 

Resonance  -  tank  and  self-resonance 
Insertion  Loss 

Reflected  input  impedance  with  specified  loads 

e.  Transformer  Input  Impedance 

Transformer  input  impedance  was  determined  by  direct  measurement  in 
RX  bridge  circuit.  Measurement  was  accomplished  by  shorting  out 
series  resistor  Ro  by  means  of  a  shorting  plug  as  shown  in  Figure  3. 2.3-2 
(closeup  view  of  test  fixture).  Transformer  primary  tank  circuit  is  tuned 
to  center  frequency  (fc)  by  adjustment  of  trimmer  located  at  right  center 
of  test  fixture  also  shown  on  Photograph  Figure  3. 2.3-2. 

f .  Bandwidth 

Bandwidth  is  measured  by  opening  the  shunt  which  places  Ro  in  series 
with  the  transformer  primary  tap.  The  250A  RX  meter  is  then  used  as  a 
signal  generator,  Ro  simulating  as  the  output  impedance  of  the  previous 
module  -  I-F  stage.  The  two  Balantine  R-F  voltmeters  are  used  to 
measure  input-and  output-signal  levels  (Ein  and  Eout)  and  to  monitor 
output  while  varying  the  frequency  for  response  curve  measurements . 
Output  of  the  RX  meter  is  also  monitored  with  a  Hewlett-Packard  Model 
524B  frequency  counter  for  accurate  bandwidth  measurement  results. 

This  system  of  measuring  bandwidth  provides  measurement  accuracy 
and  repeatibility  of  approximately  ±2%. 
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g.  Insertion  Loss 

Insertion  loss  at  resonance  is  calculated  by  use  of  the  following  formulae 
and  values  derived  from  tests  made  concurrently  with  bandwidth  measure¬ 
ment. 

TT  „  YIN  RIN 

ILdb  ~  20  LogVOUT~  10  LOG  RL 

IL  -  power  insertion  loss  in  db 

RIN  -  direct  measured  value  of  input  impedance  at  primary  tap 

RL  -  load  impedance 

VIN  -  input  volts  at  primary  tap 

VOUT  -  output  volts  across  RL 


3.3.4  PROTOTYPE  TEST  PROGRAM 

The  prototype  test  program  was  conducted  on  a  total  of  sixty-nine  (69)  microelements 
representing  a  cross  section  of  the  inductor  types  required  for  modules. 

An  analysis  of  the  A-test  data  is  given  in  Table  3. 3. 4-1  indicating  shifts  in  parameters 
after  assembly  and  encapsulation. 

A  total  of  twenty-four  (24)  inductor  microelements  were  submitted  to  environmental 
(Group  B)  tests  as  indicated  in  Table  3. 3.  4-2  and  Table  3.  3. 4-3.  The  microelements 
were  assembled  in  the  module  structure  and  encapsulated  prior  to  B  tests. 

Life  tests  (Group  C)  were  performed  on  twenty  (20)  microelements  as  indicated  in 
Tables  3. 3.  4-4  and  3. 3.  4-5.  These  units  were  also  assembled  in  the  module  struc¬ 
ture  and  encapsulated. 

The  results  of  prototype  tests  indicated  some  difficulty  in  obtaining  adequate  encap¬ 
sulation.  The  majority  of  failures  were  due  to  reduced  insulation  resistance  between 
riser  wires,  while  the  inductors  in  general  gave  good  electrical  performance.  The 
only  failures  on  the  final  acceptance  test  program  occurred  in  moisture  resistance 
test  and  were  contributions  by  encapsulation  defects. 
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TABLE  3. 3.4-1  Analysis  of  "A "-Test  Data,  Prototype  Inductors 


Results  for  Prototype  Inductors  (Sheet  1) 


TABLE  3. 3. 4-2  Analysis  of  Moisture-Resistance  "B"-Test  Results  for  Prototype  Inductors  (Sheet  2) 


MICRO-MODULE  PRODUCTION 


PROGRAM 


GROUP 

ELEMENT  AND  TEST  MODULE 

"A"  TEST 

"B"  TEST 

"<?!'  TEST  (d) 

INDUCTORS 

1 

Inductor  XF-4226 

2651  Encapsulant 

4  Modules  (16  Coils) 

16  elements 

8  elements 

6  elements 

14  passed 

2  shorted  (a) 

8  passed  (tO 

4  passed 

1  shorted 

2 

Inductor  XF-4226 

2651-40  Encapsulant 

2  Mod’xles  ( 8  Coils  ) 

8  elements 

8  elements 

1  failed  (c) 

8  passed 

8  passed 

3 

Inductor  XF-3988 

2651  Encapsulant 

3  Modules  (12  Coils) 

12  elements 

4  elements 

8  elements 

12  passed 

4  passed  (b) 

8  passed 

4 

Inductor  XF-3988 

2651-40  Encapsulant 

2  Modules  (8  Coils) 

8  elements 

8  elements 

8  passed 

6  passed 

2  passed  (b) 

5 

Inductor  XF-3843 

2651  Encapsulant 

1  Module  (4  Coils) 

4  elements 

4  elements 

4  passed 

4  passed 

6 

Inductor  XF-3843 

2651-40  Encapsulant 

2  Modules  (8  Coils) 

8  elements 

8|itelements 

• 

8  passed 

8 'passed 

TRANSFORMERS 

7 

50  M3  Transformer  XF-4226 
2651-  Encapsulant 

4  Modules  (4  Transformers) 

4  elements 

2  elements 

4  passed 

2  passed 

8 

50  M3  Transformer  XF-4226 
2651-40  Encapsulant 

2  Modules  ( 2  Tr ansf oimers ) 

2  elements 

2  passed 

9 

4.3  MC  Transformer  XF-4226 
2651-40  Encapsulant 

4  Modules  (4  Transformers) 

4  elements 

4  passed 

. 

10 

Pulse  Transformer  XF-3988 
2651-40  Encapsulant 

4  Modules  ( 4  Transformers ) 

4  elements 

4  passed 

a.  Shorted  after  encapsulation. 

b.  Coils  passed.  Encapsulant  failed  insulation-resistance  measurement 
after  moisture-resistance  test. 

c.  Failed  insulation-resistance  measurement. 

d.  All  "C"-test  results  are  preliminary.  A  complete  evaluation  and 
analysis  is  being  prepared. 


TABLE  3. 3.4-3  Results  of  Inductor  Prototype  Test  Program 
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OVERALL 
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TABLE  3.  3.  4-4  Analysis  of  ”C"-Test  Results  for  Prototype  Inductor 


micro-module  production 


program 
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TABLE  3.  3. 4-5  Analysis  of  "C"-Test  Results  for  Prototype  Transformers 


3.3.5  FINAL  ACCEPTANCE-TEST  DATA 


Final  Acceptance  Tests  were  performed  on  two  values  of  final-grade  inductor  chokes 
representing  the  two  most  active  ferrite  core  types  —  XF-3988  and  XF-3843. 

Eighty  each  final-grade  test  elements  were  prepared  with  inductance  values  of  350uH 
and  38uH  and  were  subjected  to  Group  A  tests .  Subsequent  to  this,  these  groups  were 
subdivided  into  groups  for  Group  B  environmental  tests  and  Group  C  load  life  tests. 
The  subgroup  quantities  were  twelve  and  sixty-eight  of  each  type  test  element,  re-' 
spectively.  Results  are  shown  in  Table  3. 3. 5-1. 

No  tests  were  performed  on  ferrite  cored  I-F  transformers  as  originally  scheduled 
in  the  final  acceptance  program  due  to  the  fact  that  powdered  iron  cores  were  substi¬ 
tuted  for  the  ferrite  cores . 

Summaries  of  test  data  from  A,  B,  and  C  tests  are  presented  in  Tables  3. 3. 5-2 
3  and  4. 

The  results  of  the  "A",  "B"  and  "C"  tests  were  satisfactory  until  moisture  resistance 
test.  After  moisture  resistance  test  several  units  failed  in  respect  to  insulation  re¬ 
sistance  between  riser  wires.  These  failures  were  attributed  to  poor  encapsulation. 


3.3.6  FINAL  MICROELEMENTS  FOR  MODULES  AND  DELIVERY 
TO  SIGNAL  CORPS 

Typical  initial  performance  of  the  various  types  of  final -inductors  and  transformers 
arc  tabulated  in  this  section.  The  data  given  were  measured  on  a  total  of  200  com¬ 
ponents  consisting  of  12  different  inductor  and  transformer  types  delivered  as  final 
microelements  to  the  Signal  Corps,  as  required  under  Item  6A  of  Design  Plan 
MMDP-3 . 

Table  3. 3. 6-1  describes  the  performance  of  the  various  chokes  used  in  the  program. 
All  of  these  chokes  are  based  on  ferrite  core  designs  and  are  generally  not  critical 
from  a  stability  standpoint. 

The  transformer  microelement  performance  is  shown  in  Table  3. 3. 6-2.  All  of  the 
types  described  are  based  on  ferrite  cores. 

The  pulse  transformer  performance  is  indicated  in  Table  3. 3. 6-3. 

All  inductors  for  delivery  to  the  Signal  Corps  passed  the  applicable  "A"  tests. 
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GROUP 

No. 


ELEMENT  TYPE 


No.  OF 

elements 


"A1 11  TEST 


lO-uH  chokpn 


RESULTS  OF 
"B"  TEST 


79  good 
1  reject 
replaced 


12  elements  from  group 
!  3  were  subjected  to  a 
second  immersion  test. 
These  12  were  encapsul¬ 
ated  well.  Original  12 
were  questionable. 

38-uH  chokes 


80  good 


1  failed 
after  moist¬ 
ure  resist¬ 
ance  .  12 

shorted  after 
immersion 
test . 


68  good  after 
2000  hours 


12  good 


2  failed 
after  moist¬ 
ure  resist¬ 
ance  but  re¬ 
covered  in  2 
weeks .  12 

shorted  after 
immersion 
test . 


12  elements  from  group 
7  were  subjected  to  a 
second  immersion  test. 
These  12  were  encapsul¬ 
ated  well.  Original  12 
were  questionable. 


1  shorted. 

3  failed 
insulation- 
resistance 
check  after 
immersion, 

8  good. 


68  good  after 
2000  hours 


TABLE  3. 3. 5-1  Results  of  Inductor  Acceptance-Test  Program 
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TABLE  3.  3. 5-2  Summary  of  Acceptance  "A"  Tests  for  Inductors  (Sheet  2  of  2) 


T3 

<r 


T3 

<i> 


HOC 

tO'H 
H  Q)  E 

on  S 


■sf 

\Q 

( — ( 

vD 

i — ( 

o’ 

r4  -Nt 

CH 

1 

+ 

+ 

+  + 

T3 

0) 

r-H 

•H 

cd 

<H 

\=&. 

cr\ 

c- 

ir\ 

O 

rsi 

tr\ 

CM 

>4- 

r—H 
( — ( 

\0 

c\j 

o’ 

o’ 

O 

o’ 

+ 

+ 

+ 

o  o 

£  K  'O 

EH  O  O 
0  2  0 


W  EH  -P 
p<  c/3  cd 
Q  ^ 


H  H  <D  CO 

<D  <D  U  Hi 

-P  +1  ?  3 

<1  cd  x: 


TABLE  3.3. 5-3  Summary  of  Acceptance  "B"  Tests  for  Inductors  (Sheet 
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TABLE  3.  3.6-1  Summary  of  Tests  of  Final -Grade  Chokes  for  Delivery  to  the  Signal  Corps 
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TABLE  3.  3. 6-2  Summary  of  Tests  of  Final-Grade  R-F  and  I-F  Transformers  for  Delivery  to  the 

Signal  Corps 
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TABLE  3. 3.  6-3  Summary  of  Tests  of  Final-Grade  Pulse  Transformers  for 

Delivery  to  the  Signal  Corps 


3.3.7  TEST  EQUIPMENT  FOR  "A”,  "B”,  AND  "C”  TESTS 


3. 3. 7.1  "A”  TEST  EQUIPMENT 

The  commercial  test  equipment  used  for  "A"  tests  is  listed  in  the  following  table. 


Name 

Model 

No. 

Manufacturer 

Used  in 

Q  Meter 

260A 

Boonton  Radio 

Inductance,  Q,  and  input- 
impedance  measurements 

RX  Meter 

25  OA 

Boonton  Radio 

Bandwidth  and  insertion- 
loss  measurements 

Electronic  Counter 

524B 

Hewlett-Packard 

Resonant -frequency  and 
bandwidth  measurements 

Megacycle  Meter 

59 

Measurements 

Self-resonant  frequency 
measurements 

Crystal  Calibrator 

111B 

Measurements 

Frequency  calibration 

Pulse  Generator 

212  A 

Hewlett-Packard 

Pulse-transformer 

measurements 

Oscilloscope 

535 

Tektronix 

Pulse-transformer 

measurements 

RF  Signal  Generator 

6  06 A 

Hewlett-Packard 

Voltage  ratio  measurements 

RF  Voltmeter 

9 1C 

Boonton  Radio 

R-f  voltage  measurements 

RF  Voltmeter 

314 

Balantine 

R-f  voltage  measurements 

Demagnetizer 

202 

Kendric  and  Davis 

Demagnetizing  pulse 
transformers 

Inductance  Bridge 

Leeds  and  Northrup 

Inductance  measurement 
at  1  kc 

Binocular  Microscope 

Bausch  and  Lomb 

Mechanical  inspection 

Megatrometer 

710 

Mid-Eastern 

Electronics 

Insulation-resistance  and 

dielectric-strength 

measurements 

TABLE  3. 3. 7-1  Commercial  Test  Equipment  used  in  "A"  Tests 
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3.3.7. 2  "B"  AND  "C"  TEST  EQUIPMENT 
Vibration  Equipment 


mCr’  T*  t0r  Vlb‘'a“°n  l°Sls’  consisls  bnsical|y  <* 

Hold  supple  T.T«  "  ex01l0r  contro1-  a  !»»<=■■  amplifier,  and  a  d-c 

power  t  i  ,  ,  '-Onipment  and  power  amplifier  provide  variable-frequency 

E  of  an  oscinZ;  ,  ;‘01'  ,ln'w  0011  •  The  automatic  vibration  exciter  control  con- 

at  rated  force.  ‘  olccd  an  cooling  allows  continuous  operation 


Vibration  Test  Fixture 


Shock  Equipment 

S-{) 

US  La°rbi‘r'^  “1|“  .S-X°aro  .rorowed^,0 


Immersion  Equipment 

heater01  Thf  ren?^"!088  StCCl  °PGn  bath  is  heated  bV  a  sheathed  circular  strip 
The  following  approximate  maximum  controlled  temperatures  are  available: 


SWITCH  POSITION 


TEMPERATURE  (°C) 

UNCOVERED  BATH  COVERED  BATH 


Low 

Medium 

High 


45 

GO 

75 


80 

100 

100 
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Moisture  Resistance  Equipment 

A  Tenney  TH16  temperature  humidity  chamber  and  a  Bristols  T  500  Temperature 
Controller  were  used  in  the  moisture  resistance  tests. 


Group  C  Test  Equipment 

An  American  Instrument  Co.  No.  4-3522  Forced  Draft  Oven,  designed  to  operate  on 
230-watts  of  60-cps,  single-phase  power  was  used  for  "C"  tests.  The  maximum 
operating  temperature  of  this  oven  is  250°C  . 


3.4  PRODUCT  COMPARISON 


3.4.1  ENGINEERING 

The  toroidal -coil  design  used  in  the  Micro-Module  can  be  compared  to  conventional 
coils  of  the  pot-core,  cup-core,  or  slug  types.  The  toroidal  construction,  because 
of  its  flat  shape,  is  most  easily  adapted  to  the  Micro-Module.  Pot  cores  permit  a 
minimum  volume;  however,  the  geometry  of  these  cores  precludes  a  flat  package. 
Cup-core  and  slug-core  configurations  are  much  larger  than  the  toroidal  or  pot-core 
types  because  they  do  not  provide  continuous  magnetic  paths . 

Self-shielding  and  stray-field  effects  are  of  paramount  importance  in  the  module  due 
to  the  intimate  spacing  of  the  components  and  circuitry.  The  toroidal  construction 
offers  the  highest  degree  of  shielding  of  any  configuration  considered.  Further, 
since  the  entire  length  of  the  core  can  be  used  as  the  winding  length,  stray  fields  are 
minimized.  Pot-core  construction  comes  the  closest  to  equaling  toroidal  core  per¬ 
formance  since  the  core  entirely  surrounds  the  winding  except  for  lead  entries  and 
the  gap’  between  the  cores  themselves.  The  latter  gap  can  be  minimized  by  grinding 
the  surface  of  the  cores.  Cup  cores  or  slug-type  core  have  the  inherent  disadvantage 
that  the  magnetic  circuit  is  not  continuous ,  thus  permitting  a  high  degree  of  stray 
field  and  lack  of  shielding. 

The  inductance  range  attainable  is  limited  by  the  effective  permeability  of  the  core 
material  and  the  configuration.  Toroidal  and  pot-eore  constructions  excel  in  this 
parameter.  Pot-eore  constructions  can  develop  higher  Q's  since  the  magnetic  con¬ 
struction  can  be  gapped  internally  to  match  copper  and  core  losses .  The  Q  of  the 
toroidal  construction  is  dependent  solely  upon  the  material  used.  Q's  of  toroidal 
cores  have  been  optimized  by  introducing  non-magnetie  materials  in  the  core  mix, 
such  as  carbon  in  the  case  of  ferrites  and  resin  in  the  case  of  powdered-iron  cores, 
to  effectively  produce  a  distributed  gap  which  can  be  designed  to  equalize  the  losses 
and  maximize  Q. 

Over-all  eoil  stability  is  dependent  on  the  temperature  characteristics  of  the  mag¬ 
netic  material  as  well  as  the  mechanical  design  of  the  core  and  coil.  In  the  pot-core 
construction  an  air  gap  can  be  deliberately  introduced,  as  indicated  above,  to  limit 
the  effect  of  material  variation  with  temperature. 
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A  smaH  air  gap  will  virtually  eliminate  core-material  variations.  The  eontrol  of 
is  mechanical  gap,  however,  can  easily  introduce  undesired  temperature  effeets 
thus,  a  compensating  type  design  is  required  to  aehieve  a  high  degree  of  stability.  ’ 

m-onerth^  °/ ,t,0roidal  c°lls  ’  lability  is  almost  entirely  dependent  on  the  inherent 
pioperties  of  the  magnetic  materials. 

Flexibility  in  design  is  almost  equal  between  toroidal  and  pot-core  constructions,  with 
pot  eo ies  having  a  slight  advantage  due  to  the  possibility  of  adjusting  the  air  gap  to 
adjust  final  mductanee.  The  toroidal  eoil  can  be  adjusted  only  by  changing  the  num¬ 
ber  of  turns  or  the  spacing  between  turns  or  windings . 

whiVh^Sn  ’  ^  Selection  of  the  to™idal  coil  configuration  was  a  compromise  in 
’rformance  requirements  of  self-shielding,  flat  geometry,  mechanical 
stability,  and  low  distributed  capacitance  were  obtained  at  the  expense  of  higher 
cost,  less  convenient  adjustment  procedures  and  a  little  less  flexibility. 

3.4.2  COST 

The  cost  of  the  toroidal  construction  is  inherently  higher  than  that  of  pot-core,  cup- 

m  °r  S]1UiS  coastriictlons  •  This  is  primarily  due  to  the  inherent  difficulty  of  wind- 
b  toioidal  coils  .  Toroids  must  be  wound  one  at  a  time  while  conventional  coils  can 
be  wound  in  multiple .  Inductance  adjustment  of  the  conventional  types  is  also  a 
simpler  operation  because  of  the  adjustable  gap  feature.  The  adju  tment  of  toroidal 
types  involves  adding  or  removing  turns  or  adjusting  the  spacing  of  the  turns . 

Toroidal  windings  for  R-f  and  I-F  applications  of  the  type  used  in  this  program  would 
cost  twice  to  two  and  one  half  times  the  cost  of  conventional  windings,  depending  on 
the  complexity  and  quantity  to  be  produced.  While  no  firm  basis  is  available  at  the 
present  time  for  a  comparison,  it  is  estimated  that  chokes  would  cost  about  $2  00 
each  compared  with  a  conventional  choke  cost  of  $0.50.  Transformers  (I-F  and  R-Fl 
cost  an  estimated  $3.00  each  while  conventional  transformers  cost  $1  50  At  present 
the  predommant  cost  is  that  of  the  core  itself  and  occurs  as  a  result  of  the  strict 
p!' o'  requirements  ,  Increased  experience,  resulting  in  improved  yields,  can  be 
expected  to  substantially  reduce  the  cost  of  eores  and  thus  the  cost  of  coils  Table 
J.4..-1  indicates  the  labor  time  allowance  achieved  during  the  initial  program. 


3.4.3  PRODUCTION 

Factors  affecting  the  production  of  microelement  coils  have  been  diseussed  in  the 
above  two  paragraphs.  Since  toroidal  coils  must  be  wound  one  at  a  time,  it  is  es¬ 
sential  that  semiautomatic  winding  equipment  be  developed  permitting  the  operation 
oi  several  machines  by  one  operator.  Improved  precision  in  placing  the  turns  on  the 
core  is  expected  to  reduce  the  need  for  postadjustment  of  the  toroidal  eoils  Intro¬ 
duction  of  core-grading  techniques  can  also  lead  to  more  uniform  output  and  reduction 
m  final  adjustment.  Testing  techniques  will  be  substantially  the  same  as  for  conven¬ 
tional  coils  and  tests  may  be  made  of  static  parameters  or  dynamic  characteristics 
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TIME  IN  MINUTES 

ITEM 

ISOLATION 
CHOKE 
(2  leads) 

I-F 

TRANSFORMER 
(6  leads) 

R-F 

TRANSFORMER 
(5  leads) 

Treat  or  test  and  treat  core 

0.36 

0.86 

0.86 

Wind  or  wind  and  code 

1.96 

5.47 

10.27 

Treat  and  assemble  to  substrate 

1.83 

3.24 

2.84 

Test  and  inspeet  or  test  and  adjust 

1.00 

10.00 

15.00 

Total  time 

5.15 

19.57 

28.97 

Corrected  load-labor 
allowance 

6.07 

23.00 

33.10 

TABLE  3.4. 2-1  Labor -Load  Allowances  for  Producing  Various 
Inductor  Types 


3.5  COMPLETE  PROCESS  SPECIFICATION 


3.5.1  DESCRIPTION  OF  FABRICATION  PROCESS 

The  complete  process  for  producing  inductor  .microelements  is  shown  in  Figure 
3.5-1.  Major  steps  are  as  follows: 

1.  Cores  from  all  shipments  were  inspected  and  tested  to  a  RCA  purchase 
drawing  when  received.  The  same  statistical  quality  control  was  used 
as  on  other  components. 

2.  Cores  with  more  closely  controlled  permeability  requirements  than  the 
standards  to  which  the  cores  were  purchased,  were  then  selected  and 
re-identified . 

3.  Carbonyl  iron  cores  were  coated  with  Pliolite  per  MS-2025878,  Part  A. 

1 .  Coils  requiring  sizes  44  to  38  wire  were  wound  on  the  modified  Boesch 
"Mimtor"  toroid  winder  Formvar  or  Nyleze  magnet  wire.  Coils  requir¬ 
ing  sizes  34  or  32  wire  were  hand  wound.  All  transformers  were  color- 
coded  during  the  winding  process  within  a  half  inch  of  the  core. 

5.  After  winding,  all  cores  and  coils  were  inspected  to  the  winding  specifi¬ 
cation.  On  new  setups,  L  and  Q  were  spot  tested  at  this  time. 
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6.  Cores  and  coils  on  powdered  iron  cores  (previously  coated  with  Pliolite) 
were  dipped  in  Toluene  per  MS-2025878,  Part  B  to  adhere  the  touching 
turns  firmly  to  the  core . 

7 .  All  cores  and  coils  had  their  leads  tinned  to  within  a  half  inch  of  the  core 
as  described  in  the  detailed  process.  This  was  necessary  for  in-process 
testing. 

8.  All  cores  and  coils  were  impregnated  with  DC-271  per  MS-202587, 

Part  C . 

9 .  Inductance  and  Q  of  all  choke  and  transformer  primaries  were  checked 
on  a  Boonton  Model  260A  "Q  "  meter  to  limits  contained  on  the  winding 
specification.  A  serial  identity  was  given  each  program  inductor  at  this 
point . 

10.  Core  and  coils  of  transformers  only  were  sent  to  Test  Engineering  where 
the  coupling  parameters,  were  tested. 

11.  Leads  were  dressed  and  the  final  tinning  accomplished  as  described  in 
the  process  detail. 

12.  The  unit  was  mounted  on  the  terminating  substrate  (capacitor  for 
resonant  elements)  using  DC-271  as  per  MS-2025878,  Part  E. 

13.  The  leads  were  dressed  under  a  magnifier,  placed  on  the  soldering 
(holding)  fixture  and  soldered . 

14.  All  final  units  were  performance -tested  and  safety-tested  (dielectric  and 
leakage  resistance  tested) . 

15.  Completed  and  approved  units  moved  to  micromodule  assembly  or  were 
placed  in  short  time  stock. 


3.5.2  PREPARATION  OF  INDUCTOR  COMPONENTS 

3.5.2. 1  FERRITE-CORE  PRODUCTION 


Flow  Diagram 

The  process  by  which  ferrite  cores  are  constructed  is  shown  in  block-diagram  form 
in  Figure  3.5-2. 
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3.5. 2. 2  DESCRIPTION  OF  PROCESS 


1.  Weighing  --  The  ferrite  cores  are  of  four  different  compositions,  as 
follows: 


XF-3732  -  Fe203,  NiO, 

XF-3909  -  Fe203,  NiO, 

XF-3983  -  Fe203,  NiO, 

XF-3980  -  Fc203,  NiO, 

The  oxides  are  weighed 
ratios  of  ingredients . 


ZnO,  NoO 3 ,  Co20g 
ZnO,  Ba02 

ZnO,  MoOg,  Co203,  Carbolac 
ZnO,  MoOg,  Co203 

on  an  analytical  balance  to  establish  proper 


2.  Milling  --  The  combined  ingredients  are  wet  milled  for  one  hour  in  a 
Szegvari  Attritor,  Size  -01,  charged  with  No.  003  steel  spheres  for 
small  batches.  Heavier  batches  are  milled  in  a  Szegvari  Attritor, 

Size  -IS,  charged  with  l/4  inch  diameter  steel  spheres. 

3.  Drying  --  The  slurry  is  then  poured  in  glass  trays  and  dried  in  a  cir¬ 
culating  oven  to  bone  dryness. 

4.  Milling  --  The  dried  mixture  is  pulverized  in  Mikro-Samplmill , 
rotating  at  8000  rpm  in  order  to  break  up  agglomerates. 

5 .  Blending  —  An  organic  binder  dissolved  in  the  proper  medium  is  added 
to  the  processed  oxides.  The  slurry  is  agitated  in  a  Hobart  Mixer  for 
45  minutes  to  insure  thorough  blending.  The  semisolid  blend  is  passed 
through  a  rubber  mill  which  has  extra-hard  steel  rolls  to  form  laminates 
and  to  eliminate  some  of  the  solvent.  The  remaining  solvent  is  driven 
off  either  by  vacuum  methods  or  by  aeration.  The  laminates  are  subse¬ 
quently  sifted  on  a  Ro-Tap  sifter  or  similar  device.  When  the  powder 
has  been  recovered,  it  is  ready  for  pressing.  Samples  of  the  powder 
are  pressed  into  toroids  by  means  of  a  Model  F-4  Stokes  dual-pressure 
press.  These  samples  are  fired  and  tested  as  described  below.  If  they 
meet  specifications,  the  remainder  of  the  batch  is  processed  as  described 
in  steps  6  and  7.  During  pressing,  the  cores  are  continually  examined 
with  a  microscope  for  defects,  and  checked  for  dimensions. 

6.  Firing  —  The  pressed  toroids  are  then  sintered  in  a  muffle  furnace  at  a 
specific  rate  of  temperature  rise  for  a  predetermined  rate  of  time  at 
peak  temperature . 

7 .  Testing  --  Ten  per  cent  of  the  cores  from  each  batch  are  wound  with 
copper  wire  and  tested  for  permeability  and  Q.  Temperature  coefficient 
is  also  determined. 

8.  Satisfactory  units  are  packaged  and  stored  for  future  assembly  into 
inductor  microelements . 
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3.5.3  WINDING  OF  COILS 

rS^^t=£S«3S5S35r 

Pitch,  and  tor  inspection  purposes,  the  angles  of 
3.5.3. 1  HAND  WINDING 

Fortunately,  the  designs-  required  less  than  25  turns  on  anv  one  coil  of  aw r  nv  ^  -»a 

mrnBmmmm 

ililsP^ssisisir 


3. 5. 3. 2  MACHINE  WINDING  SHUTTLE-LOADING  PROCESS 

^hitUet  lonHoH  transf°rmers  woand  ™  the  modified  Boesch  Minitor  were  wound  from 
an^tip  d  d  in  a  P  consistinS  of  an  0.015-inch  diameter  mandrel  and  pusher 
and  the  necessary  cutting  and  dressing  tool  inserts.  Thus,  in  setting  up  the  Crier 

fromTh  1  t0r  tyPf  ’  °nly  the  Wire  SiZe  and  tension  had  to  be  changed  With  wfre 
from  the  same  spool  spiralled  from  the  same  mandrel,  abuse  to  the  magnet  wire 
could  be  caused  only  by  excessive  tension.  For  this  reason,  whenever  ^different 

size  wire  was  to  be  loaded,  the  tension  was  adjusted  to  a  p^scribed value  as 
measured  on  a  postal  scale.  “piebuiDea  value  as 

hoIri:dlbToe\ShT!ne ’  TU'a  fr°m  the  mandrel  was  spiralled  through  the  empty  shuttle 
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shuttle  was  inserted  into  place,  and  the  loader  switch  was  turned  on.  The  loader  now 
filled  the  shuttle,  threaded  the  nozzle  and  stopped  automatically,  permitting  the  oper¬ 
ator  to  be  winding  while  the  shuttle  was  loading.  When  the  operator  was  ready  to  use 
the  shuttle,  the  spiral  was  cut  off  with  the  cut-off  lever,  the  shuttle  was  removed 
from  the  loader,  and  the  end  of  this  wire  was  pulled  through  the  nozzle  far  enough  to 
cause  the  excess  spiral  to  completely  enter  the  shuttle.  The  shuttle  was  then  ready 
for  winding. 


3. 5. 3. 3  MACHINE  WINDING,  WINDING  PROCESS 

All  chokes  and  transformers  were  wound  from  0.050-inch  diameter  shuttles  so  that 
the  machine  did  not  have  to  be  set  up  to  drive  different  sizes  of  shuttles.  The  nozzle 
holes  were  0.008  inch  for  AWG  38  and  40  wire  and  0.  006  inch  for  AWG  42  and  44.  All 
nozzles  were  adequately  stoned  and  checked  for  wire  abuse. 

In  winding  a  choke  or  transformer  the  operator  set  the  winding  pitch,  placed  the 
specified  core  in  the  core-vise  and  threaded  the  open  end  of  the  shuttle  through  the 
core  from  above.  Rotating  the  shuttle  until  the  nozzle  was  on  top,  the  operator 
joined  the  ends  at  the  nozzle,  being  careful  not  to  pinch  the  wire.  With  the  nozzle 
held  closed,  the  shuttle  was  positioned  in  the  three  fixed  drive  pulleys  and  the 
keeper-pulley  was  lowered  locking  the  shuttle  into  place.  The  centering  of  the 
shuttle  in  the  core  was  then  checked  and  adjusted,  if  necessary.  Next  the  shuttle 
was  turned  by  hand  until  the  nozzle  was  just  below  the  core.  The  core  was  rotated 
by  hand  into  the  start  position  (usually  zero  index  on  the  turret).  With  the  turns 
counter  set  for  the  required  number  of  turns,  the  brush  and  counter  arm  were  moved 
into  operating  position  with  the  counter  set. 

With  the  start  lead  held  taut,  the  machine  was  started  and  operated  at  a  shuttle  speed 
of  approximately  200  rpm.  After  the  required  number  of  turns  had  been  applied,  the 
machine  stopped.  If  the  coil  was  a  two -lead  choke,  the  winding  was  complete  at  this 
point  and  the  coil  was  removed  from  the  shuttle  by  cutting  the  finish  lead,  raising  the 
lock  pulley,  opening  the  shuttle,  and  lifting  off  the  core  and  coil.  The  next  core  was 
then  placed  in  the  core  vise  and  the  same  shuttle  was  returned  to  the  machine.  The 
winding  operation  was  repeated  until  the  wire  remaining  in  the  shuttle  was  not  suffi¬ 
cient  for  another  coil.  At  this  point,  the  remaining  wire  was  pulled  from  the  shuttle. 

A  full  shuttle  was  taken  from  the  loader  and  the  empty  one  inserted  in  the  loader  in 
its  place  to  be  loaded  while  the  operator  was  winding  the  next  coil. 

Transformers  with  many  leads  and  accurately  located  secondaries  require  a  somewhat 
more  involved  winding  process.  Up  to  the  point  where  the  machine  stopped  for  the 
first  time,  a  primary  transformer  tap  for  instance,  the  process  was  exactly  the  same 
as  for  a  choke.  For  the  transformer,  however,  a  tap  was  made  at  this  point  by  pull¬ 
ing  excess  wire  from  the  shuttle,  resetting  the  counter,  holding  the  tap  wire,  and 
starting  the  machine  again. 

To  accurately  locate  the  tap,  the  wire  was  held  in  the  shuttle  plane  while  the  machine 
started  and,  at  the  next  stop,  the  wire  was  twisted  tightly  up  to  the  core.  At  this 
point,  the  start  and  tap  were  color-coded  with  lacquer  about  half  an  inch  from  the 
core  .  Additional  taps  were  brought  out  by  the  same  method  and  the  winding  was 
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finished.  The  wires  were  then  cut  and  color-coded.  To  apply  the  secondary  winding 
the  turret  was  reversed  by  hand  to  the  angle  specified  for  the  secondary  start.  While 
the  turret  was  being  severed,  the  finish  lead  and  any  others  that  passed  the  shuttle 
p  ane  were  pulled  past  the  counter  plate.  If  the  secondary  had  to  be  wound  past  one 
or  more  taps,  the  machine  had  to  be  stopped  at  the  angle  (or  number  of  turns)  of  each 
tap  position  and  the  tap  had  to  be  moved  through  the  shuttle  plane  by  hand,  otherwise 
the  tap  would  be  wound  into  the  secondary  winding.  Taps  were  brought  out,  leads 
were  coded,  and  the  coil  was  removed  from  the  shuttle  as  previously  described. 


3. 5. 3. 4  FIXING  OF  WINDINGS 

Windings  applied  to  Pliolite  coated  cores  were  dipped  in  toluene  for  two  seconds  to 
anchor  the  turns  to  the  core.  The  coils  were  then'air-dried  for  fifteen  minutes  and 
cured  for  thirty  minutes  at  100°C . 

In  this  operation,  the  softened  Pliolite  flowed  between  the  wire  and  core  at  the 
corners,  and  when  the  coil  was  cured  the  Pliolite  held  the  first-layer  turns  in  place 
Machine-wound  coils  are  inspected  against  the  winding  specification  for  wire  type  and 
size,  coding  and  relative  location  of  coils  and  leads,  build  and  pitch  uniformity,  and 
absence  of  loose  turns.  Leads  are  cut  to  a  length  of  approximately  one  inch,  stripped 
and  tinned  to  within  half  an  inch  of  the  coil. 


3.5.4  PREPARATION  OF  COIL  LEADS 

The  extremely  short,  precise  lead  lengths  required  from  coil  to  notch  and  the  delicate 
nature  of  fine  magnet  wire  resulted  in  two  strip  and  tin  operations  on  all  inductors. 
After  the  winding  operation,  all  leads  are  precut  to  approximately  1-  or  2-inch 
lengths  and  tinned,  usually  by  dip  methods  to  within  approximately  one  half  inch  of 
the  core  body.  This  procedure  prepares  the  core  and  coil  for  testing.  Lead  prepara¬ 
tion  is  a  precise,  tedious  operation  since  magnet  wire  insulation  must  be  retained  at 
any  point  where  the  lead  crosses  another  terminal  or  other  leads.  The  process  varies 
with  the  magnet  wire.  Formvar  was  used  exclusively  on  hand-wound  coils  while 
Nylese  was  used  on  machine-wound  coils. 

Both  processes  involve  visual  centering  of  the  core  and  coil  on  a  dummy  substrate 
and  predressing  the  leads  under  a  magnifier.  While  dressed  precisely  in  accordance 
with  the  manufacturing  specification,  each  lead  is  pushed  into  its  terminal  notch 
The  wire  is  marked  with  a  bend  or  kink  at  the  notch  edge.  The  coil  is  then  removed 
with  a  demagnetized  tweezer  and  the  leads  are  dipped  accurately  to  this  bend.  Form¬ 
var  wire  is  dipped  in  Super  X  stripper,  wiped  with  porous  paper,  dipped  in  low- 
temperature  solder  (60-37-3  at  240°C)  and  washed.  When  coils  are  wound  with  Nylese 
wire,  each  lead  is  dipped  in  flux  and  in  high-temperature  solder  (60-37-3  +  cu  at 
360°C) .  The  coil  is  protected  from  sputter  by  an  aluminum  handling  shield.  The  lead 
is  pushed  into  a  narrow  slot  at  the  marked  length  and  dipped  to  the  surface  of  the  hot 
solder.  Precise  stripping  is  accomplished  by  both  methods  . 
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3.5.5  COIL  IMPREGNATION 


The  impregnation  process  varied  with  the  type  of  inductor.  The  impregnant,  being 
difficult  to  remove  and  detrimental  to  lead  preparation,  was  kept  off  the  leads  as 
much  as  possible.  This  meant  that  dipping  was  satisfactory  only  for  coil  assemblies 
where  leads  emerged  from  the  same  area.  All  chokes  were  of  this  type,  but  trans¬ 
formers,  having  leads  in  all  quadrants,  had  to  be  handled  differently.  Units  with 
Teflon-coated  ferrite  cores  and  those  with  Pliolite  coated  powdered-iron  cores  were 
impregnated  by  the  same  process  after  the  Pliolite-coated  units  had  been  dipped  in  a 
solvent  to  anchor  the  turns  touching  the  core. 

The  impregnant,  DC-271-M1,  was  made  by  diluting  100  grams  of  Dow  Corning  DC- 
371  with  120  cubic  centimeters  of  stock  solvent  consisting  of  60  per  cent  xylol  and 
40  per  cent  MEK.  The  viscosity  was  checked  weekly  and  maintained  such  as  to  empty7 
a  No.  3  Zahn  cupful  of  the  impregnant  through  the  orifice  provided  in  an  elapsed  time 
of  from  17  to  22  seconds. 

The  coil  was  held  by  the  leads  and  submerging  just  below  the  surface  of  the  impreg¬ 
nant  for  10  to  15  seconds,  then  slowly  withdrawn  and  drained  over  the  impregnant  for 
one  to  two  minutes.  The  coil  was  then  air-dried  (with  adequate  ventilation)  for  15 
minutes  to  remove  the  solvent  and  cured  for  one  hour  in  a  135°C  circulating  oven. 

Transformers  with  leads  preventing  a  dipping  operation  were  held  above  a  container 
and  two  or  three  drops  of  impregnant  were  dropped  over  the  toroid  body  and  through 
the  hole.  The  unit  was  then  turned  over  and  the  operation  was  repeated  on  the  other 
side.  The  unit  was  drained  in  the  level  position  and  air-dried  and  cured  as  described 
above.  Alligator  clips  with  teeth  removed  were  used  to  handle  the  coil  assemblies  in 
batches  during  these  operations. 


3.5.6  MOUNTING  AND  TERMINATING  OF  INDUCTOR 

The  material  used  to  affix  the  core  and  coil  to  the  substrate  (M9  in  manufacturing 
specifications)  is  90%  by  weight  Dow  Corning  DC -271  and  10%  MEK.  The  viscosity  is 
checked  weekly  and  controlled  to  3400  +  500  Centapoise  at  25°C  (+  3°)  on  a  Model 
RVF  Brookfield  Viscosimeter  using  a  No.  4  spindle  at  10  rpm.  The  process  follows. 
The  substrate  on  which  the  core  and  coil  is  to  be  mounted  is  placed  under  a  magnifier 
right  side  up  and  rotated  as  shown  on  the  microelement  manufacturing  drawing.  Using 
a  toothpick,  a  drop  of  M9  is  carefully  placed  in  the  center  of  the  substrate.  The  size 
of  the  drop  should  be  controlled  so  that  when  it  spreads,  it  covers  the  area  on  which 
the  coil  rests  but  does  not  foul  the  notch  terminations.  After  the  M9  has  spread  it  is 
set  aside  for  8  or  10  minutes  until  the  surface  gells  and  it  does  not  flow  readily.  At 
this  time,  the  core  and  coil  (with  already  prepared  leads)  is  centered  above  the  sub¬ 
strate,  rotated  into  position  and  lowered  into  the  drop  of  M9.  Care  must  be  exercised 
throughout  the  terminating  which  follows  to  avoid  moving  the  coil  and  pushing  the  M9 
onto  the  metalization. 

With  the  core  and  coil  adherred  in  position,  the  leads  are  carefully  dressed  into  their 
proper  notches.  The  stripped  portion  of  the  magnet  wire  must  be  kept  over  the  metal¬ 
ization  so  that  no  bare  wire  exists  at  crossovers.  A  sharp  bend  is  made  in  each  lead 
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at  the  noteh  edge  so  that  the  lead  can  quiekly  be  relocated  in  the  soldering  operation. 
The  assembly  is  now  earefully  transferred  to  a  soldering  jig  consisting  of  a  small 
Teflon  block  which  nests  the  substrate  and  a  sprung  leather-tipped  plunger  whieh  holds 
the  coil  eentered  against  the  substrate.  The  Teflon  bloek  holds  the  substrate  at  the 
corners  leaving  the  notehes  open  For  the  soldering  operation.  The  entire  holding  sec¬ 
tion  ean  be  swiveled  permitting  soldering  to  be  done  from  above.  Eaeh  lead  is  held  in 
position  with  a  tweezer  and  soldered  into  the  bottom  of  the  noteh  using  flux  and  a 
275°C  soldering  iron.  The  excess  magnet  wire  is  then  cut  off  and  the  finished  unit 
plaeed  in  a  135°C  oven  for  one  hour  to  cure  the  M9  adherrant.  On  removal  from  the 
oven  the  units  are  inspected  to  the  final  assembly  manufacturing  drawing  and  for  qual¬ 
ity  of  the  solder  joints  and  sent  to  final  microelement  test. 


3.5.7  TESTING  OF  INDUCTOR  MICROELEMENTS 

Table  3.5-1  shows  all  the  tests,  exeept  environmental  and  life  tests,  to  which  parts 
and  completed  microelement  inductors  are  subjected.  Included  are  in-process  manu¬ 
facturing  tests  and  performance  tests.  The  tests  indicated  under  the  two  headings ,’ 
"AFTER  MOUNTING,"  are  performed  on  completed  units.  All  other  tests  are  per¬ 
formed  at  various  stages  during  the  inductor-production  process. 

To  insure  satisfactory  product,  certain  tests  and  inspections  must  be  performed  at 
various  stages  in  the  production  process.  These  tests  are  indicated  under  "SPECIAL 
TESTS  AND  INSPECTIONS"  and  are  in  addition  to  the  required  military  tests  indi¬ 
cated  under  "MIL-C-15305A". 


3.5.8  IN-PROCESS  TEST  EQUIPMENT 

The  equipment  for  all  "A"  tests,  is  utilized  during  the  induetor-assembly  proeess. 
For  example,  cores  are  tested  prior  to  being  wound,  and  wound  inductors  are  "A"  • 
tested  prior  to  being  mounted  on  a  wafer. 

All  of  this  test  equipment  is  described  under  Seetion  3.  3.  7,  "Test  Equipment  for  A, 
B,  and  C  Tests."  Table  3.  3.  7-1  lists  the  equipment  employed  and  describes  the  "A" 
tests  for  whieh  it  is  used. 
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program 


4.  CONCLUSIONS 


4.1  GENERAL 

The  inductor  task  under  the  Initial  Program  had  three  basic  objectives: 

inducetorsntartahe  mlniatl“'ized 

2 .  To  demonstrate  microelement  inductor  reliability . 

All  three  of  these  basic  objectives  were  achieved. 

inductors  having  thelpSfte^  of  various  cores  and 

to  50  me.  A  high  degree  of  miniaturi  ziHnr,  «,  th  ffe(tuency  range  from  100  kc 
of  the  inductors  met  the  basic  requirements  of  modu^f hSh6d ’  ^  °vera11  Performance 
inductors  were  required  to  cover  l  wide  n^ Z  ^ansistorized  circuitry.  The 
capability  as  indicated  below:  S  f  circuit  applications  and  performance 

455  kc . 0.5  to  1  millihenry 

4,3  mc . 5  to  50  microhenries 

11.0  mc . 5  to  10  microhenries 

60.0  mc  .  .  .  .  .  .  .  .  0.3  to  1.0  microhenry 

performance33' These^omponents^roved^heir^a01' hTTv ca^ah*e  -  a  high  level  of 
treme  severity,  and  demonstrated  a  high  order  of  relllwiT161'  COnditions  of  ex" 
operated  under  load-life  test  condition^  wn-i  reliablllty  in  Micromodule  circuits 
pleted,  the  data  compiled  thus far  are sii de  hest\modale  tests  are  not  corn- 
performance  is  well  in  excess  of  overall^ogram  goals^  SUfficient  to  indicate  that 

MlslUateLab"ateoSrie°sr  p^c^  established .  The  RCA  Needham  , 

applications  in  all  preliminarv  ZZZ  LOres  °f.tha  required  characteristics  for 
have  been  produced  under  Exte’mTon  I  effort^  iaa^m°^ules-  Powdered-iron  cores 
Corp.  for  £se  in  criUcartempe/alure  sSbi  ?°res’fInc-  aad  by  the  Polymer 

The  inductors  were  wound  on  snemalW  Y  apPllcatjoas  of  final-grade  modules . 

Somerville,  N.  J.  These  sources  Hp  V  a°Ptd  ^  j°ldal  winding  equipment  by  RCA, 
element  core  ^d'inSfr  °f  technoloSy  in  ^to-  ■ 

Uabie  supply  base  for  re- 
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'  TT  ‘ec}“i<:al  objectives  for  the  various  transformers  and  chokes  were  established 
a  he  start  of  the  program.  These  objectives  were  selected  on  the  basis  of  the  state 
of  the  art  at  that  time,  the  stringent  electrical  and  environmental  requirements  of 

the  1  JuetTsTere* toEe  ^dPerform“M  requirements  of  the  Micromodules  in  which 

Because  the  over -all  Program  required  that  a  practical  feasibility  be  demonstrated 
at  an  early  date,  the  specifications  for  components,  including  indLtors  Tad  o  he 
reahstm  and  competitive  with  those  of  conventional  military  units  The’ reliabilitv 
tShPose  dtl0nS,f0r  -Element  inductors,  however,  were  ^e  more ^severe  thS 

the”16!,^^!  requirements  ^All  of 


4.2  CORES 

Both  ferrite  and  powdered  iron  cores  were  used  in  the  program.  Ferrite  cores  with 

the  So.r'Si  *  !e  the™11  bey°"d  ““  prevlous  state  of  the  art  were  produced  for 

menE  of  5S  mile  ,  r  Capable  °f  meeting  the  require- 

in  thP  ip  “  I_,F  stages,  they  did  contribute  substantially  to  size  reduction 

in  the  less  critical  applications  of  module  circuitry.  The  preliminary  nSTotTe 
and  fmai  modules  utilized  ferrite  cores  in  these  applications  where  the  advance 

in  size  ^Tthe’  more  c rttfcT  T?  ^  configaration  Permitted  maximum  reduction 
m  size  ,  i- or  the  more  critical  applications  such  as  I-F’s  where  a  high  degree  of 

weT^ed!^  ^  l0W  drive  sensitivity  are  required,  powderid  iron  cores 

T6  6f/T  °n  f!rritT  Produced  one  of  the  more  significant  advances  in  the  state  of 
®  art  demonstrated  in  the  Micro-Module  Program.  Ferrites  having  low  temperature 
o  “  were  produced.  The  technology  developed  under  this  study  proved  to  be 

needs  expands  ^OnTfe^T  7  £■  uSeful  “?  the  SC°pe  °f  the  microelement  inductor 
neeas  expands  One  ferrite  core  which  proved  useful  to  the  present  program  was  a 

gh  permeability  general-purpose  type  for  lower-frequency  applicatfonf. 

H-tTT  mat<rrials  suitable  for  pulse  transformer  and  pulse-circuit  inductor  needs  in 
digital  modules  were  developed,  making  it  possible  to  incorporate  these  inductors 
as  microelements  in  the  modules.  muuctors 

Limited  effort  was  applied  to  the  development  of  a  455-kc  core  for  communication 
applications  since  it  was  not  required  for  program  modules .  This  requirement  was 

SatTfTT  midTThr°UShahe  Program’  before  significant  results  could  be  obtained 
tisfactory  methods  were  developed  for  measuring  core  parameters,  including  some 


micro-module  production 


program 


ooeffic.enTttre^ip^r'SS.^eX  ^  d  -“-temperature- 

•he  compensatta^^otlmr^con^ionents'h^thef  modul"63*"*  *  *“*  ma/a  ■»««“• 

S."m sXXurTv  X  COrf  “  minlmize  "■*  *?«*>  of  encapsu.ant 
strictive  properties.  The  best  r(=«  ®‘sary  or  ferrite  cores  which  display  magneto¬ 
coating  with  a  film  of  Teflon  U  S  W6re  attained  bY  rounding  the  corners  and 


4.3  COILS 

X  anl5.0-r  *-<  -xxlule  applications  were  deveN 

^powde^df~  XXS  ~  J  -  TC  £&* 

^«h^l9g^U?^^1^^linof^.,0^0“?,  oonatmciion  without  the  use 
producing  no  unusual  coupling  effects  in  the  mSdute°  SomeThmtag  “oerfo  adoquat°’ 

“c^far  temPerMUre  “effiCiC"‘  ™  atiHhuteTt^'S 

ab  * *  .  ne  „„,y 

more  a  taction  of  the  encapsulant  and  termination^  WaS 

baSiCf y  1,^  P-gram. 

wire  coils  R-F  nn,i«  t? °  •  adapted  to  permit  machine  winding  of  the  finer 

because*1  of"  tlm  The"  °'  wo"Sd 

the  coil  on  the  wafer  is  an  as<?emhbr  +•  *  niouating  technique  for  placing 

for  larger-scal^productton  Test LTeb  °  1Ch  require  some  improvement 
equipment.  Measurements  have  been  haC  •  ai  e  based  on  the  use  of  laboratory 

dynamic  tests  -h"  ““ 
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5.  RECOMMENDATIONS 

A  program  for  increasing  the  frequency  coverage  of  inductor  types  is  in  progress 
under  Program  Extension  II .  This  program  includes  the  following  areas  and  scope 

Audio  frequency  (300  to  10,000  cps)  —  Designs  in  Micro-Module  shape  as 
entire  modules  ^ 


10  to  200  kc  -  adjustable  inductors  in  Micro-Module  shape  as  entire  modules 
200  to  1500  kc  —  inductor  microelements 


400  to  4500  kc  —  adjustable  inductor  microelements 


1.5  to  50  me  inductors  —  a  second  source  for  microelement  design 
VHF  inductors  --  microelement  design 


Wide -pulse  transformers  —  designs  in  Micro-Module  shape  as  entire  modules 
Pulse  transformers  —  microelement  design 


I,lthii!iPr°?rar’  7arious  tyPes  of  adjustable  constructions  will  be  investigated  for 
adaptation  to  the  Micro-Module  Program.  In  addition,  printed  wiring  in  conjunction 
ith  magnetic  and  non-magnetic  wafers  for  vhf  designs  will  be  considered  It  is 

cOTtiTJSdnded  thEt  Pr°gram’  Which  wiU  cover  most  Micro-Module  needs,  be 


undem VP !wr Inf  ^enslfnT Stable  5°-mC  core  is  beinS  established 

manuf^turing'ylel^of  Mgher^requem^'cor^.™1111  lmprove<*  Perl°rmance and  greater 

The  use  of  adjustable  pot  cores  in  the  flatest  possible  package  will  be  investigated  as 
a  part  of  Program  Extension  II.  This  design  permits  !ise  of  bobbin-woufd  coffs  and 
ad  ows  inductance  adjustment,  w'hich  is  expected  to  be  required  in  future  Micro- 
Module  circuits.  I  his  construction  also  offers  a  potential  cost  reduction. 

High-frequency  choke  designs  should  be  investigated  for  possible  use  of  ferrite  micro¬ 
element  wafers  and  printed  wiring  to  permit  size  and  cost  reduction. 

Effort  should  be  directed  toward  improved  and  thinner  packages.  Designs  suitable 
for  adaptation  to  mechanized  module  assembly  techniques  are  required^ Such 
packages  should  be  integrated  with  the  wafer  and  be  adequately  protected  to  permit 
storage  and  all  assembly  processes  including  cleaning^  solder^g  and  TnlTsu- 

&ctefsionmnj°V  meanS  °f  aSSGmbly  °f  the  coil  to  a  wafer  a^  being  considered  jn 


Improvements  in  winding  techniques,  particularly  in  the  toroidal  area,  are  needed  to 
reduce  cost  and  improve  reproducibility.  Greater  precision  in  winding  should  bf 
pursued  and  semiautomatic  machines  should  be  developed  to  permit  multiple  machine 
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operation  by  one  operator.  The  range  of  wire  capable  of  being  wound  by  the  toroidal 
machine  should  be  increased  to  at  least  AWG  30  from  No.  38. 

Present  test  costs  for  inductors  and  transformers  are  excessive  and  require  adapta¬ 
tion  of  conventional  production  test  techniques.  Equipment  permitting  semiautomatic 
testing  on  a  dynamic  basis  should  resolve  this  problem. 

Other  approaches  to  the  inductor  problem  should  be  pursued,  including  the  use  of  the 
piezoelectric-filter  technique  and  investigation  of  semiconductors  with  inductor-like 
functions.  Distributed  R-C  filters  should  be  developed  to  replace  coils  where 
practical . 

It  is  also  recommended  that  an  investigation  be  made  of  the  adaptation  of  the  square- 
loop  devices  to  the  Micro-Module  form  factor  for  future  use.  Such  devices  as  magnetic 
shift  registers,  transfluxors  and  memory  planes,  among  others  should  be  considered. 
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6.  LIST  OF  PERSONNEL 

The  following  personnel  participated  in  the  inductor  task  at  the  Radio  Corporation  of 
America,  Semiconductor  and  Materials  Division: 


Name 

Title 

Location 

G.  Hauser 

Engineering  Leader 

Somerville 

J .  McKusker 

Engineering  Leader 

Needham 

J.  Sacco 

Engineering  Leader 

Needham 

R.  Petrina 

Engineer 

Somerville 

J.  Eisenhart 

Engineer 

Somerville 

Z .  Stevens 

Engineer 

Somerville 

H.  DiLuca 

Engineer 

Needham 

H.  Lessoff 

Engineer 

Needham 

R.  Costillo 

Technician 

Somerville 

II .  Madsen 

Technician 

Somerville 

R.  Coons 

Technician 

Somerville 
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